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  !	 dr. sc. Alfred Švarc, voditelj teme
Laboratorij za teškoionsku fiziku
T00980203 Fizika teških iona
  /	( &" 	

laboratorija i teme
Laboratorij za elektromagnetske i slabe interakcije
 %" 
  " 
	# 	




T00980205 Foton atom raspršenje dr. sc. Krunoslav Pisk, voditelj teme
Laboratorij za nuklearnu mikroanalizu
& '!	 	 ' 
#  

  	 *7 	

laboratorija i teme
Laboratorij za mjerenje niskih aktivnosti
T00980207 Prirodni radioizotopi i procesi u plinovima
  	 	( $!7 	

laboratorija i teme
Laboratorij za fiziku visokih energija
T00980208 Eksperimentalna fizika visokih energija
dr. sc. Krešo Kadija, voditelj
laboratorija i teme (od 1.10.1999.)
8Tema izvan laboratorija





ZAVOD ZA FIZIKU MATERIJALA
Program 009803
.
  6@6 (
 
molekula; interakcije i dinamika
dr. sc. Branko Pivac, predstojnik
zavoda i direktor programa
	
  	 	  	

( )
   *		  "		

dr. sc. Branko Pivac, voditelj
laboratorija i teme
Laboratorij za tanke filmove
T00980302 Amorfni tanki filmovi
  	 /7 	

laboratorija i teme
Laboratorij za molekulsku fiziku
T00980303 Raspršenje svjetla, interakcije i dinamika materije
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
zavoda i direktor programa












T00980502 Optimizacija obrade signala i podataka
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
zavoda i direktor programa
Laboratorij za kemijsku kinetiku i atmosfersku
kemiju
T00980601 Sastav, svojstva i dinamika plinskih sustava
dr. sc. Tomislav Cvitaš, voditelj teme
T00980604 Reaktivnost i reakcijski mehanizmi dr. sc. Leo Klasinc, voditelj laboratorija
i teme
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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 
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   "	7=%	7
voditeljica laboratorija i teme
Grupa za teorijsku kemiju
&+ )
    	 	








Laboratorij za kemijsku i biološku kristalografiju
T00980608 Struktura i svojstva (bio)molekula









dr. sc. Greta Pifat-Mrzljak, voditeljica
teme









dr. sc. Zorica Veksli, voditeljica
laboratorija i teme
Tajništvo
ZAVOD ZA ORGANSKU KEMIJU I BIOKEMIJU
Program 009807
Selektivni procesi na molekulskoj i supramolekulskoj razini
  %	( )
7 "	

zavoda i direktor programa
Laboratorij za stereoselektivnu katalizu i
biokatalizu
- $
	   	 *
	








  *	 
dr. sc. Kata Majerski, voditeljica
laboratorija i teme
Laboratorij za supramolekularnu i nukleozidnu
kemiju
T00980703 Projektiranje i sinteza supramolekularnih sustava
   >7 	

laboratorija i teme
Laboratorij za kemiju ugljikohidrata, peptida i
glikopeptida
T00980704 Razvoj receptor-selektivnih analoga bioaktivnih peptida
dr. sc. Štefica Horvat, voditeljica
laboratorija i teme
Laboratorij za celularnu biokemiju
-+ .
	 "/ "	0 	0 

0 
dr. sc. Ljubinka Vitale, voditeljica
laboratorija i teme
Program 009808




Laboratorij za fizikalno-organsku kemiju





Laboratorij za molekulsku spektroskopiju
 )"		*	 	  	 *
		*





Grupa za kvantnu organsku kemiju
T00980803 Elektronska struktura molekula i atomskih grozdova




ZAVOD ZA KEMIJU MATERIJALA
Program 009809
Znanost i tehnologija materijala
  	' 7 "	

zavoda i direktor programa






  	 !	7 	

laboratorija i teme
T00980903 Sinteza i mikrostruktura metalnih oksida i
oksidnih  stakala
  	' 7 	
 (
	
   

 1






Laboratorij za radijacijsku kemiju i dozimetriju
 %"	4  	"
3 "

  8 /.( 	

laboratorija i teme
T00980905 Sinteza, karakterizacija i modificiranje
polimera  "






T00980906 Intermetalni spojevi i metalni hidridi
  >( . 	

laboratorija i teme
Laboratorij za kemiju kompleksnih spojeva
T00980908 Supravodljivi oksidi




ZAVOD ZA MOLEKULARNU GENETIKU







 	  	(
  >
	 3 	7 	
programa
Laboratorij za mikrobnu genetiku
T00981001 Uloga rekombinacije u popravku DNA i
stabilnosti plazmida
  >
	 3 	7 	

laboratorija i teme
T00981009 Inicijacija transkripcije kod eukariota dr. sc. Marija Sopta, voditeljica teme
Laboratorij za molekularnu mikrobiologiju






Laboratorij za molekularnu genetiku
( $ 	#   
  #
dr. sc. Vera Gamulin, voditeljica
laboratorija i teme
11
Laboratorij za elektronsku mikroskopiju
T00981005 Struktura i funkcija fotosintetskog aparata




Laboratorij za molekularnu genetiku eukariota
T00981006 Organizacija i evolucija eukariotskog genoma
  ?6 A 	7 	

laboratorija i teme
Laboratorij za eksperimentalnu kancerologiju
T00981007 Molekularni mehanizmi karcinogeneze
dr. sc. Branko Brdar, voditelj
laboratorija i teme
	
  	 
 $ 	#		
  #		 #
dr. sc. Maja Osmak, voditeljica
laboratorija i teme
Laboratorij za molekularnu biokemiju 
5 5 )5 67#48
30 1'%
Laboratorij za molekularnu biologiju biljaka  dr. sc. S. Jelaska, PMF






dr. sc. Branimir Jernej, voditelj
laboratorija i teme
	
  	 		

Tema izvan programa:
00980004 Obalni i morski fitoindikatori jadranskih otoka





T00981010 Genetika i dinamika bioaktivnih molekula
dr. sc. Volker Magnus, voditelj teme
Tajništvo




  #( ,7 "	

zavoda i direktor programa
	
  	 	  		

T00981101 Aktivacija gena u leukemijama
dr. sc. Mariastefania Antica, voditeljica
laboratorija i teme





dr. sc. Sonja Levanat, voditeljica teme
( :	  	
   *( ,7 	

laboratorija i teme
 '		 # 		 "
   #( ,7 	
 (
Laboratorij za molekularnu patologiju
+ 1	#" 
	 	 
dr. sc. Branko Vitale, voditelj teme
Laboratorij za eksperimentalnu hematologiju,
imunologiju i onkologiju






T00981111 Novi pristupi u terapiji malignih bolesti   	 /7 	
 (
Laboratorij za modifikatore biološkog odgovora
T00981107 Mehanizmi djelovanja enkefalina i peptidoglikana
dr. sc. Ivo Hršak, voditelj laboratorija i
teme
Laboratorij za imunokemiju
T00981108 Cijepljenje virusnim podjedinicama
   ,	7 	

laboratorija i teme
Laboratorij za molekularnu endokrinologiju i
transplantaciju
 ;"









Laboratorij za diferencijaciju stanica i tkiva
T00981110 Proliferacija i diferencijacija normalne i tumorske
stanice
dr. sc. Mislav Jurin, voditelj laboratorija
i teme
Laboratorij za molekularnu neurofarmakologiju
Tema izvan programa
00980001 Neurofarmakologija GABA i 5-HT sustava





 dr. sc. Lidija Šuman, voditeljica pogona
Tajništvo
   
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1 		  *
dr. sc. Dušan Zavodnik, direktor
programa







dr. sc. Dušan Zavodnik, voditelj
laboratorija i teme






dr. sc. Danilo Degobbis, voditelj
laboratorija i teme
T00981304 Procesi stvaranja i pretvorbe organske tvari u Jadranu dr. sc. Nenad Smodlaka, voditelj teme




 	"  #		 
"
dr. sc. Renato Batel, voditelj
laboratorija i teme
Laboratorij za ekotoksikologiju



























 		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	(  	"	(
dijelu Hrvatske
  	. 		7 "	

zavoda i direktorica programa
Laboratorij za biogeokemiju organskih spojeva
T00981501 Biogeokemija organskih spojeva u prirodnim vodama
dr. sc. Marijan Ahel, voditelj
laboratorija i teme
	
  		 	
 
T00981502 Fizikalna i biogeo-kemija tragova metala u
vodenim sustavima
dr. sc. Marko Branica, voditelj
laboratorija i teme
+ >







T00981503 Priroda i reaktivnost organskih tvari u moru i
kopnenim vodama
  	. 		7 	

laboratorija i teme








  	  		 
  2( 3.7 	

laboratorija i teme

















T00981509 Kretanje i sudbina radionuklida i mikro elemenata









dr. sc. Branko Kurelec, voditelj
laboratorija i teme (do 27.9.1999.)
+ ;#
		 	 
 	*	  *	
 
 dr. sc. Mladen Picer, voditelj teme
	
  	$ 	 
+ )
    	
#" *
biomarkera
dr. sc. Biserka Raspor, voditeljica
laboratorija i teme
14
Grupa za satelitsku oceanografiju














dr. sc. Antun Peršin, predstojnik
zavoda i direktor programa





dr. sc. Antun Peršin, voditelj
laboratorija i teme




NMR servis   8. %7=3	"7 	


 mr. sc. Jadranka Stojanovski,
voditeljica
	  dr. sc. Radovan Brako, voditelj
UPRAVA Mirna Benat, dipl. iur., predstojnica (do
22.7.1999.)
Gordana Štanfel, dipl. iur., v.d.
predstojnice (od 23.9.1999.)
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 ' "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Odsjek za komercijalne poslove  /7 " 	 	

Odsjek zaštite na radu (  	 %7 	

Tajništvo
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Broj Nazivi programa Direktor
P009801 	 			  	 Dr. sc. Branko Guberina
P009802 			  	     
P009803 		 		 
materije i molekula; interakcije i dinamika
Dr. sc. Branko Pivac
P009805 Modeliranje procesa inteligentnim
		 		
   	 !"
P009806 #	  		 $  "$
tvari
   	 	
P009807 Selektivni procesi na molekulskoj i
supramolekulskoj razini
  % &
P009808 Elektronska struktura i dinamika organskih
molekula
  '		 '	
P009809 Znanost i tehnologija materijala   #	 '
P009810 #	( 	  	 	"
genoma
  ) "
P009811 		 		   *+ ,	
P009813 		 -	  +$ 	 
Jadranu
Dr. sc. Dušan Zavodnik
P009815 		 +" 	  		 
kopnenom dijelu Hrvatske
  !	 .
P009816 /-	 		 	$
sustava
Dr. sc. Antun Peršin
Broj Nazivi tema Voditelj
T00980001 Neurofarmakologija GABA i 5-HT sustava   		 ,
T00980002  	 	- 	 Dr. sc. Branimir Jernej
T00980004 Obalni i morski fitoindikatori jadranskih
otoka
  	 )

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MAKROPROJEKTI MINISTARSTVA ZNANOSTI I
TEHNOLOGIJE
Nazivi projekata Voditelj
Uspostavljanje modela toksikoloških i antitumorskih
			 -	$ 	"	 - 	
Dr. sc. Krešimir
,	
#	 		 		" 	 	 	






   
. ) 3
       4) 1 5 2 
geotehniku, Zagreb, J. Rakuše 1
Ahel, Marijan. Utjecaj eutrofikacija na ciklus organskog ugljika u priobalnim vodama Jadrana,
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Velika Britanija
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Dermopatico dellImmacolata, Rim i Instituto Nazionale Neurologico “Carlo Besta”,
Milano, Italija
Branica, Marko. Biogeokemijski procesi i elementarno izotopski sastav u Jadranskom moru,
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uprava za vode, Zagreb
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Degobbis, Danilo. Procesi stvaranja organske tvari u Jadranu i Tirenskom moru, L’Instituto
Centrale per la Ricerca Scientifica e Tecnologica Applicata al Mare, Rim, Italija
Degobbis, Danilo; Smodlaka, Nenad. Ekodinamski procesi u sjevernom Jadranu, Instituto
Sperimentale Talassografico di Trieste, Trst, Italija
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) Kolokvij Odjela fizike, Prof. dr. sc. . !		) #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-
Kvantna teleportacija
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tehnologa, Dr. sc. Darko Butina, BioMet Division, Glaxo Wellcome Research and
:) =*- +  "   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
prsta (Molecular Fingerprints) i metoda "Genetic Algoritm"(GA), "Neural Networks"
(NN) i "Decision Trees"

 ) Kolokvij Grupe za teorijsku kemiju, Dr. sc. Istvan Lukovits, Chemical
Research Center, Hungarian Academy of Science, Budapest: Exhaustive
nondegenerative generation of trees - syntactic rules
O
 ) Seminar iz molekulskih znanosti LMF, LFOK i GKOK, Dipl. ing. " 2	
"	) =   ) , 8) 2"- H  "
energije protoniranja i reakcija prijenosa protona - ljestvica protonskih afiniteta
S
 ) Seminar Centra za online baze podataka (CARNet) o korištenju baza podataka,
Prof. 3 	) 8  - 3 " 
G
 )     	  , Ian Collingwood,
 3#     $.H.()   
obrazovanja u NRPB, Engleska: Radiation protection legislation in the UK
%O
 ) 	    		 ! 	! J. Vidmar) = R/ R- +
(Gastropoda) u litoralnim biocenozama Nacionalnog parka "Mljet"
%O
 ) Predavanje i godišnja skupština Hrvatskog imunološkog društva, Andrea
2	, DIAID, Department of Dermatology, Wien, Austria: Induction of immunity
and tolerance using a contact hypersensitivity model
%<
 ) 	    		 ! 	! Prof. dr. Robert R. Christian,
Biology Department, East Carolina University, Greenville, N.C., SAD: Long-term
ecological research and the international initiative
%<
 ) 		    		 ! 	! D. Smith, Biology Department,
East Carolina University, Greenville, N.C., SAD: From community structure to
nutrient cycling; from one ecosystem to others
%7
 ) 	 		" 	 #$ 	%", Prof. dr. ) "	,
Rutgers State University, School of Communication, Information & Library Studies,
!C 9C) !4) 8.:- :  K   
15. travanj, Seminar Zavoda za teorijsku fiziku, Dr. sc. .
 !$	)  4 0)
Ljubljana, Slovenija: Relativistic membranes and gravitation
28. travanj, 	 		" 	 #$ 	%", Dr. sc. Jelka Petrak, Voditeljica
8  ) 2"- B  -  )   )
   T
29. travanj, Seminar Zavoda za molekularnu medicinu, Dr. sc. ,	 !	,
8  8  2"- =    
  " 
6. svibanj, Kolokvij Grupe za teorijsku kemiju, Prof. dr.  ,	, New York University i
ETH-Zurich: 6-D kvantna analiza vibracija dvoatomnih molekula adsorbiranih na
krutim površinama: CO molekula na Cu(100) površini
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17. svibanj, 	   		  	 	! Prof. dr. Nikola Batina,
Universidad Autonoma Metropolitana-Iztapalapa, Departimento de Quimica, Mexico:
J    # K
18. svibanj, Kolokvij Zavoda za organsku kemiju i biokemiju, Prof. Philip Garner,
Department of Chemistry, Case Western Reserve University, Cleveland, Ohio, USA:
Radical based assymetric synthesis: a new approach to polyol antibiotics
19. svibanj, 	 		" 	 #$ 	%", Darko Bosnar, Ministarstvo
financija RH: Problem 2000
24. svibanj, Seminar Zavoda za molekularnu genetiku, Prof. dr. Omar Orellana, Facultad
de Medicina, Universidad de Chile, Santiago, Chile: Aminoacyl-tRNA synthetases in
the acidophilic bacterium Thiobacillus ferrooxidans
27. svibanj, Kolokvij Odjela fizike, Dr. Branimir Molak- H  1 K  
bolje?
3. lipanj, Seminar Centra za online baze podataka (CARNet) o korištenju baza podataka,
Prof. 3 	) 8  - 3 " 
9. lipanj, Izvanredni Kolokvij grupe za teorijsku kemiju, Dipl. ing. Dijana Dominis,
Geodetski fakultet Zagreb i Opservatorij Hvar: Atomski i molekulski procesi u
# 
11. lipanj, 		 	    	 	 &		  	 
kemijskog društva, Prof. Nicholas V. Hud, School of Chemistry and Biochemistry,
Georgia Institute of Technology, Atlanta, Georgia, USA: NMR studies of DNA-cation
interactions
14. lipanj, 		 	    	 	 &		  	 
kemijskog društva, Prof. Steven Kass, Department of Chemistry, University of
Minnesota, Minneapolis, Minnesota, USA: Reactive intermediates and antiaromatic
compounds
16. lipanj, Odabrane teme molekularne patofiziologije, Prof. dr. Gregor Serša, Institute of
Oncology, Ljubljana, Slovenija: Electroporation: method and application in research
and clinical practice
16. lipanj, 		 	    	 	 &		  	 
kemijskog društva, Prof. Alan P. Marchand, Department of Chemistry, University of
 	
  	





21. lipanj, Seminar Zavoda za molekularnu genetiku, Dr.  , UCLA, USA:
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vizualizaciju dopaminskih neurona
29. lipanj, Seminar iz molekulskih znanosti LMF, LFOK i GKOK, Dipl. ing. Ticijana Ban,
+36 8  2"- 8      
30. lipanj, Izvanredni Kolokvij grupe za teorijsku kemiju, Dipl. ing. Irena Labazin, IFS
Zagreb: Bose-Einsteinova kondenzacija
30. lipanj, 	 		" 	 #$ 	%", Mr. sc. Predrag Pale, Ministarstvo
    ,1- *      
16. srpanj, '	   		  	 	, Susanne Hacke, Max-Planck
 @ " A  B ) U) !- !  C 
calcium carbonate in model monolayers at the air/water interface using Brewster
Angle Microscopy
16. srpanj, Seminar Zavoda za molekularnu genetiku, Dr. sc. L. Cornudella, Institute of
Molecular Biology, Barcelona, Spain: Genes encoding sperm nuclear basic proteins
in haploid genomes
20. srpanj, 	    		 ! 	! Reinhold Hanel, Insbruck
University, Department of Zoology and Limnology, Insbruck, Austrija: Multiple
recurrent evolution of trophic types in north-eastern Atlantic and Mediterranean
seabreams (Sparidae, Percoidea)
25. kolovoz, Izvanredni Kolokvij grupe za teorijsku kemiju, Dr. Ramakrishna Sesha
Shankar, Hahn-Meitner-Institut, Berlin, Germany: Ultrafast photoinduced electron-
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injection from an anchored chromophore to semiconductor states in UHV : a
theoretical model
26. kolovoz, Kolokvij Grupe za teorijsku kemiju, Prof. dr. Subhash C. Basak, Natural
Resources Research Institute, University of Minnesota-Duluth, Duluth, MN, USA: A
hierarchical QSAR approach for predicting property/activity of chemicals from
structure
7. rujan, Seminar iz molekulskih znanosti LMF, LFOK i GKOK, Prof. Howard Maskill,
University of Newcastle upon Tyne, Newcastle upon Tyne, England: Heterolytic and
homolytic mechanisms in solvolyses of arenediazonium slats
27. rujan, Seminar Laboratorija za kemiju kompleksnih spojeva, Prof. dr. Robert E.
McCarley, Iowa State University, Amas, Iowa, USA: Amorphous ternary
molybdenum sulfide clusters as hydrodesulfurization catalysis: preparation,
characterization and properties
27. rujan, Seminar Zavoda za molekularnu medicinu, Dr. sc. ) (	, Harvard Medical
School: Proteosom - biomašina za razgradnju proteina u stanici
28. rujan, Seminar iz molekulskih znanosti LMF, LFOK i GKOK, Dipl. ing. " 2	
"	) =   ) , 8) 2"- 8  
sraštenih planarnih molekula: Mills-Nixonov efekt
30. rujan, 	    		 ! 	! !9 2	, Zoologijski zavod,
9 ) +K ) 2"- "  
Jadranskom moru
08. listopad, 	    		 ! 	! Sjoerd Wendelaar Bonga,
Catholic University Nijmegen, Faculty of Sciences, Department of Animal
Physiology, Nijmegen, Nizozemska: The stress response in fish
12. listopad, Izvanredni Kolokvij Zavoda za organsku kemiju i biokemiju i PLIVA d.d.
	 		, Dr. sc. Manuel Navia, ALTHEXIS, Boston, USA: Structure-
based drug design in pharmaceutical reserch
12. listopad, Seminar iz molekulskih znanosti LMF, LFOK i GKOK, Dipl. ing. Irena
Labazan, Institut za fiziku, Zagreb: Cavity ringdown spektroskopija
13. listopad, Kolokvij Zavoda za organsku kemiju i biokemiju, Dr. sc. + *	,
+;J. 

)   - !V ?*V K./+)  )   
 "     
14. listopad, 	 		" 	 #$ 	%", Sophie Panagi, Miro Kouba,
Institute for Scientific Information: ISI Web of Science - citatni indeksi u novom ruhu
(u Hrvatskoj?). ISI Web of Science Citation Indexes 1974-2002 (in Croatia?)
21. listopad, '	   		  	 	, Prof. Dietmar Möbius, Max-
+K @ " A  B ) U) !- 4K. 
organized monolayers: a material with extraordinary properties
21. listopad, Seminar Zavoda za molekularnu medicinu, Dr. sc. .	 '	, University
of California, USA: Potencijalne terapijske primjene novih oksidansa i antioksidansa:
mehanizam djelovanja
4. studeni, Seminar Centra za online baze podataka (CARNet) o korištenju baza podataka,
Prof. 3 	) 8  - 3 " 
4. studeni, Seminar Zavoda za molekularnu medicinu, Dr. 	
 ,	, Hrvatski
   ) 3 - :   
primjena fluoroscentne in situ hibridizacije (FISH)
8. studeni, Seminar Zavoda za molekularnu genetiku, Mr. sc. Marko Premzl, Centar za
   1- +     ++ 
goveda u Hrvatskoj
10. studeni, Kolokvij Zavoda za organsku kemiju i biokemiju, Dr. sc. Antun Hutinec, PLIVA


)   - *" )   T
11. studeni, 	    		 ! 	! D. Petricioli, privatni poduzetnik:
Zmajevo oko - morsko jezero
16. studeni, Seminar iz molekulskih znanosti LMF, LFOK i GKOK, Dipl. ing. ,
'	$#*	, Saponia, Osijek: Kompjuterska simulacija reakcije koju katalizira trioza-
fosfat-izomeraza
33
22. studeni, Kolokvij Zavoda za eksperimentalnu fiziku, Prof. H. Morinaga, Technische
Universität München: From nuclear to solar
24. studeni, 	 		" 	 #$ 	%", Mr. sc. Tibor Toth, PLIVA d.d.,
  )   - *  
7. prosinac, Seminar iz molekulskih znanosti LMF, LFOK i GKOK, Dr. sc. Jasmina
"	)    ) 2"- ,   
mehanike za komplekse bakra(II) s aminokiselinama
8. prosinac, Kolokvij Zavoda za organsku kemiju i biokemiju, Prof. dr. sc. Olga Kronja,
6K" ) 2   ) 2"- 
strukture i dinamike karbokationa
10. prosinac, 	   		  	 	! Prof. Klaus Wandelt,
University of Bonn, Bonn, FRG: The electrochemical double layer: specific anion
adsorption and surface reconstruction
15. prosinac, 	   		  	 	! Prof. Fritz Scholz, Institut za
 8 H
K.
K.) C) !- H   
solids and liquids at three-phase junctions
16. prosinac, Seminar Zavoda za molekularnu medicinu, W. L. Ragland III, DVM, PhD,
=A    ,# 9 - B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Skala Karolj 8.6.1999.
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  Znanstveni djelatnici Instituta po poljima djelatnosti.
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ZAVOD ZA TEORIJSKU FIZIKU
THEORETICAL PHYSICS DIVISION
Dr. sc. Branko Guberina, predstojnik Zavoda
Tel. ++385 1 4680 234, fax. ++385 1 4680 223
Ustroj Zavoda:
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THEORETICAL RESEARCH OF THE STRUCTURE OF
MATTER
Direktor programa: dr. sc. Branko Guberina
Teme u sastavu programa:
Niskodimenzionalni sustavi, slojevi i površine, dr. sc. Radovan Brako, voditelj teme
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Kvantna teorija polja, statistike i simetrije, dr. sc. Stjepan Meljanac, voditelj teme
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sc. Kornelija Passek, nositeljica projekta
Kvantna dinamika kolektivnih fluktuacija oko solitonskih konfiguracija u niskodimenzijskim sustavima,
dr. sc. Larisa Jonke, nositeljica projekta
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Program rada:
Niskodimenzionalni sustavi, tanki slojevi i površine. " 			 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plohama potencijalne energije, a time i o vibracijama, difuziji i ostalim svojstvima adsorbata. Radi se
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procesi (posebno spontana emisija i raspršenje svjetla) u blizini površina, u višeslojnim sredinama i
mikrorezonatorima, te u disipativnim nehomogenim sistemima. Nadalje, teorija fotoapsorpcije u
48
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Hubbardovom modelu s primjenom na metalne okside.
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simetrije, pojavu QCD plazme, te razvoj po 1/g i 1/d u QCD na rešetci i razrješenje kontroverzi u svezi
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zvijezda, te uloga koju bi ovi tamni objekti mogli igrati u formiranju struktura u ranom svemiru.
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dinamike i energetskog spektra kolektivnih fluktuacija oko solitonskih konfiguracija u Calogero-
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Euklidskog u prostor Minkowskog. Studiran je alternativni mehanizam kršenja simetrije baziran na
nekontraktibilnosti prostor-vremena i njegov utjecaj na mjerenja na visokim energijama, kao i veza s
kozmologijom Einstein-Cartan-ove gravitacije.
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dezorijentiranog kiralnog kondenzata (DCC) u višepionskoj produkciji. Ispituje se primjena fraktalne
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molekularne organizacije uz primjenu metoda nelinearne dinamike u kemiji (koloidni agregati),
biomedicini (struktura EKG-a kod stabilne angine pektoris; modeliranje limfocitne leukemije) i genetici
(kodiranje i teorijska analiza proteinskih sekvencija).
Research programme:
Low-dimensional systems, thin films and surfaces. Research in surface physics includes the study of
the structure and dynamics of clean surfaces and adsorbed atoms and molecules. The aim is to obtain
detailed knowledge of potential energy surfaces, and hence of vibrational properties, diffusion, and
other properties of adsorbates. A coupled-channel method for the description of reactions is being
developed, and the research of vibrational properties, the induced surface stress and of the
adsorbate-adsorbate interaction is being done. Also, theory of photoabsorption in the periodic
Anderson model and stability of correlated electronic systems in the Holstein-Hubbard model with
application to metal oxides, have been studied.
Theoretical research of elementary particle properties. The proposed investigations in particle physics
are expected to contribute to the theoretical knowledge of fundamental particles and their interactions.
The investigations are based on the description of nonperturbative effects using vacuum condenstates
(heavy-quark decays), on perturbative QCD (exclusive processes), Monte Carlo simulations of lattice
QCD, 1/g and 1/d expansions (quark-gluon plasma, gluonic fusion, chiral condensates, etc.). The
proposed research is expected a) to investigate nonperturbative effects in c- and b-quark decays, b) to
improve the calculation of penguin processes, c) to investigate radiative B-meson decays and CP
violation, d) to investigate mechanisms of symmetry restoration, appearance of QCD plasma and 1/g
and 1/d expansions in lattice QCD, and solution of  controversy concerning disoriented chiral
condensates, e) to calculate exclusive processes in order to obtain new knowledge of scaling and spin
properties of quarks and gluons, and new contributions to the understanding of the electromagnetic
structure of hadrons. In astroparticle physics and cosmology a proposal is to study the phase
transition in the system of gravitating massive fermions (neutrinos, neutralinos) and quasi-degenerate
fermion stars, and the role these compact dark objects could play in structure formation in the early
universe.
49
Quantum field theory, statistics and symmetries. Investigation of generalized statistics, particularly a
unified approach to all types of statistics, their classification, internal consistency and study of
fundamental physical properties of generalized statistics. Investigations of quantum dynamics and
energy spectra of collective fluctuations around soliton configurations in the Calogero-Sutherland and
the Chern-Simons systems. Continuation of investigations of the normalization of Wilson operators in
Minkowski space and the problem of analytical extension from Euclidean to Minkowski space. Study of
the alternative symmetry-breaking mechanism based on the assumption of the noncontractible
spacetime and its impact on high-energy data, as well as the consequences for the cosmology of the
Einstein-Cartan gravity.
Multiparticle correlations and fluctuations. Investigation of the nature of dynamical fluctuations and
many-particle correlations in the central and fragmentation regions of heavy-ion collisions. Application
of the disoriented chiral condensate (DCC) model to pion production processes. Fractal analysis of
suspended aggregates (clouds) of particles in seawater. Theoretical models of fractal molecular
organization and nonlinear dynamics in chemistry (colloid aggregates), biomedicine (structure of ECG
in stable angina pectoris; modeling of lymphocytic leukaemia) and genetics (coding and theoretical
analyses of proteine sequences).
NISKODIMENZIONALNI SUSTAVI, SLOJEVI I POVRŠINE
LOW-DIMENSIONAL SYSTEMS, THIN FILMS, AND SURFACES
Voditelj teme: dr. sc. Radovan Brako
Tel. ++385 1 4561 199,  e-mail: radovan@thphys.irb.hr
Suradnici na temi:
Radovan Brako, doktor fiz. znanosti, znanstveni savjetnik
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Marin Slobodan Tomaš, doktor fiz. znanosti, znanstveni suradnik
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deformacije atomske rešetke supstrata pod utjecajem sila uzrokovanih kemisorpcijom. Ustanovljeno je
da opis zasnovan na dinamici atomske rešetke i parametrizaciji sila koje nastaju kod kemisorpcije daje
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planarnim rezonatorima s apsorpcijom (M. S. Tomaš, Z. Lenac, Phys. Rev. A60), te razmatranjem
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nastaje uslijed formiranja polaritona dielektrik-rezonator, te da je vjerojatnost elektromagnetske
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Science).
Research programme and results:
The interaction between molecules chemisorbed on surfaces caused by the deformation of the atomic
lattice of the substrate under the influence of the forces induced by chemisorption is calculated. The
description based on the lattice dynamics and a parametrization of the chemisorption-induced forces
gives good agreement of the calculated and the experimentally determined changes of the surface
stress and the adsorbate-adsorbate interaction energies.The model is applied to the chemisorption of
CO molecules on several close packed transition metal surfaces. In most cases, the adsorbate-
adsorbate interaction is repulsive, and is particularly strong if the adsorbates lie along a chain of
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electron correlation have been established in high-temperature superconductors and semiconductors.
In the Holstein-Hubbard model it has been shown that the increase of the electron-phonon interaction
may lead to the localization of electronic pairs, reducing the number of superconducting carriers, in
good agreement with measurements on Bi-2212 compounds. It is shown that the strong correlation in
double occupied levels (negative-U centers) in semiconductors enables one to perform a simple
identification of such centers in the photoabsorption spectrum, in agreement with the available data on
. 27 ,  , 		 	  	  ,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processes in layered systems has been continued by the investigation of the spontaneous emission
spectrum in absorbing planar cavities (M. S. Tomaš, Z. Lenac, Phys. Rev. A60) and by the
consideration of the possibility of spontaneous emission from a two-dimensional Wigner crystal. It has
been shown that the characteristic shape of the on-resonance spontaneous emission spectrum in
dielectric planar microcavities is due to the formation of dielectric-cavity polaritons and that the
probability of the electromagnetic deexcitation of electrons in a Wigner lattice is very small (Z. Lenac,
M. S. Tomaš, accepted in Surface Science).
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THEORETICAL RESEARCH OF ELEMENTARY PARTICLE
PROPERTIES
Voditelj teme: dr. sc. Branko Guberina
Tel. ++385 1 4680 234,  e-mail: guberina@thphys.irb.hr
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hiperona temeljena na simetriji SU(3) i efektivnoj teoriji teškog kvarka. Kao rezultat ovog pristupa
dobiveno je znatno bolje slaganje teorijske i eksperimentalne vrijednosti omjera    0/ db B   te je
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Analizirana je prostorna elektromagnetska funkcija strukture piona pri velikim prijenosima impulsa,
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Phys. Rev.D).
Research programme and results:
1. Inclusive decays of doubly charmed baryons are described within a standard formalism based on
the Operator Product Expansion using the picture of heavy diquark. Clear hierarchies of lifetimes and
semileptonic branching ratios are obtained, which will, through comparison with the results of future
experiments, make possible the verification of the basic assumptions of the formalism (e. g. quark-
& 	?3 2	 	) 8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 @ ,;3 '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and beauty hyperon decays based on SU (3) symmetry and heavy-quark effective theory is extended.
As a result of this approach significantly better agreement of theoretical and experimental values of
the    0/ db B   ratio is obtained and the hierarchy and spread of lifetimes of b baryons are
52
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extracted from the CLEO data of the decays B* and D* by using the perturbative QCD
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the MIT bag, enriched by the presence of a dilute instanton liquid, is calculated in different Lorentz
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 decay is analyzed by using a modified perturbative approach which enables one to calculate
nonfactorizable contributions and to control virtual momenta appearing in the process. The latter is
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D59). A complete leading-twist NLO pQCD analysis of the spacelike pion electromagnetic form factor
at large-momentum transfer  has been  performed. The sensitivity of the predictions to the choice of
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B8; K. Passek, invited talk at the Joint INT/ Jefferson Lab Workshop, USA, May 1999). An
investigation is going on to analyze the pion transition form factor  and to determine the corresponding
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massless internal lines, which is of fundamental importance in massless pQCD, has been evaluated
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Work on the determination of higher-order contributions to the  process is in progress (G.
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It is argued that the notions of radiation and particle in classical and quantum field theory do not
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is studied in the linear sigma model with 2 quark flavors and Nc 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A system of self-gravitating massive fermions is studied in the framework of the general-relativistic
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of massive neutrinos will, at a certain temperature, undergo a phase transition in which
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Eur. Phys. J. C11). Heavy-neutrino (or neutralino) stars are studied using the general relativistic
equations of hydrostatic equilibrium and the relativistic equation of state for degenerate fermionic
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by a supermassive fermion star is studied in detail and compared with lensing by a black hole of the
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D.59). Out of equilibrium thermal field theories in early phases, i. e. finite time after switching on the
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Poticajni projekti u okviru teme:
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OSNOVI KVANTNE KROMODINAMIKE.
INVESTIGATION OF INCLUSIVE AND EXCLUSIVE DECAYS OF HADRONIC
PROCESSES ON THE BASIS OF QUANTUM CHROMODYNAMICS.
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APPLICATION OF PERTURBATIVE QCD TO THE INVESTIGATION OF EXCLUSIVE
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petlje sa svjetlosnim stranicama paralelnim vektorima n, n* koji se rabe u uvjetu Mandelstama i
>	 	 
	   G? $
  
	  1>  
divergentni s ne-lokalnim sinusnim i cosinusnim funkcijama (A. Andraši, IRB-TH-09/99, hep-
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fenomenološka posljedica formalizma (D. Palle, Int. J. Mod. Phys. A). Studirana je astronomska
opservabla duljine definirana intenzitetom izvora. Pokazano je perturbativno u razvoju po crvenom
pomaku kako ta opservabla ovisi o parametrima Riemannove geometrije sa ekspanzijom,
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ph/9910512).
Research programme and results:
Exclusion statistics, operator algebras and Fock-space representations have been studied (S.
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multiparameter infinite statistics have been proved (S. Meljanac, A. Perica, D. Svrtan, submitted to
54
Comm. Math. Phys.). It has been shown that the Calogero-Sutherland Hamiltonian for excitations at
the edge can be derived from the Chern-Simons Hamiltonian in the large-N limit and in the presence
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Wilson operators in the light-cone gauge is tested to order g4 for the loop with light-like sides along the
vectors n, n* used in the Mandelstam-Leibbrandt gauge. Graphs which in the Feynman gauge are free
of ultra-violet divergences, in the M-L gauge show double and single divergences with non-local sine
and cosine functions (A. Andraši, IRB-TH-09/99, hep-th/9912138). Within the covariant and gauge
invariant approach to the scalar density fluctuations in the Einstein-Cartan gravity it is shown that the
quantum fluctuations of the baryon spin density could explain the COBE data on the primordial density
field (D. Palle, Nuovo Cim. 114B). We show that the perturbative QCD calculus in the noncontractible
space leads to the enhancement of QCD amplitudes observed in experiments at Tevatron and HERA
(D. Palle, Int. J. Mod. Phys. A). We calculate the area distance function perturbatively with respect to
the cosmological redshift as a function of the parameters of the Riemannian geometry, such as
expansion, vorticity and acceleration (D. Palle, astro-ph/9905252). The problem of the abundance and
lifetime of the CDM particle (heavy neutrino) is resolved within the theory with a broken lepton number
and with the noncontractible space as a symmetry-breaking mechanism and with no Higgs scalar (D.
Palle, astro-ph/9910512).
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QUANTUM DYNAMICS OF COLLECTIVE FLUCTUATIONS AROUND SOLITONIC
CONFIGURATIONS IN LOW-DIMENSIONAL SYSTEMS.
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modela (DCC) u okviru nelinearnog -modela sa kvarkovskim stupnjevima slobode na produkciju
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u koherentnom pulsu nije uvijek siguran znak za formiranje DCC-a, odnosno kiralnog faznog prijelaza.
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projektu Dinamika i struktura supramolekulskih agregata (šifra projekta: 119406/MZT) ispitivan je
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Research programme and results:
The dynamics of produced pions in the central region and the application of the disoriented chiral
condensate (DCC) within the non-linear -model coupled to quarks in heavy-ion collisions at high
energies are investigated. The results were published in Acta Phys. Slovaca 49, under the title “DCC
and anomalous production of pions”. In this analysis the multipion exchange potential between two
quarks is derived and it is shown that the anomalous charged distribution of pions in the coherent
pulse is not always a definite signature of the formation of the DCC or a sign of the chiral phase
transition. Within the framework of the scientific collaboration with the Chemical Department of the
Faculty of Science, Zagreb (project 119406/MZT, Dynamics and structure of supramolecule
aggregates) a theoretical model of Lamellar/Inverse Hexagonal Transition in Electrolyte/Water/Octanol
Solvent has been developed and experimentally tested. The results of investigations have been sent
for publication in Langmuir (1999). Also, within the application of nonlinear dynamics, the ECG time
series in stable angina pectoris are investigated; the prognosis models of lymphocytic leukaemia as
well as the theoretical analysis of protein sequences are studied.
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2. Cvitaš, Marko. Koherentna i stisnuta stanja
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12.11.1999., 51 str., Voditelj: Martinis, Mladen.
4. Rajevac, V. Disperzivne relacije fonona u
kristalima i tankim slojevima. Zagreb :
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str., Voditelj: Brako, Radovan.
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22.3.1999.
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Schladming, Austrija, 9.1.-16.1.1999.
Sudionik: Perica, A.
WORKSHOP ON EXCLUSIVE AND
SEMIEXCLUSIVE PROCESSES AT HIGH
MOMENTUM TRANSFER
Newport News, Virginia, SAD, 20.5.-22.5.1999.
Sudionica: Passek, K.
Prilog:
Passek, K.: On the pQCD prediction for the pion form
factor, pozvano predavanje.
CENTRAL EUROPEAN TRIANGLE SYMPOSIUM
ON PARTICLE PHYSICS
Zagreb, Hrvatska, 17.6.-19.6.1999.
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Zovko, N.
Prilozi:
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theory, predavanje.
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induced B decay, pozvano predavanje.
MALVERN SEMINAR OF PHYSICS EDUCATION
Malvern, Velika Britanija, 2.9.-4.9.1999.
Sudionik: Guberina, B.
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11th GENERAL CONFERENCE OF THE
EUROPEAN PHYSICAL SOCIETY
London, Velika Britanija, 6.9.-10.9.1999.
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induced B decay, poster.







interaction mediated by substrate lattice, poster.
Lenac, Z, Tomaš, M., S.: Spontaneous emission from
a Wigner crystal, poster.
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GRADUATE SCHOOL 99 IN PARTICLE PHYSICS
Raach, Austrija, 26.9.-2.10.1999.
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XII AUTUMN SCHOOL QCD: PERTURBATIVE OR
NONPERTURBATIVE?
Lisabon, Portugal, 29.9.-4.10.1999.
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Prilog:
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doubly-charmed baryons, predavanje.
SUPERSYMMETRY AND RELATED TOPICS
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TRIANGLE SEMINAR IN PARTICLE PHYSICS
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Guberina, B., Martinis, M., Mikuta-Martinis, V.,
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Prilozi:
Andraši, A.: Renormalization of Wilson operators in
light-cone gauge, predavanje.
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higher-point 1-loop scalar integrals with massless
internal lines, predavanje.
Guberina, B.: Enhacement of preasymptotic effects
in inclusive beauty decays, predavanje.
Mikuta-Martinis, V.: Disoriented chiral condensate
and anomalous production of pions, predavanje.
THIRD INTERNATIONAL CONFERENCE ON B
PHYSICS AND CP VIOLATION
Taipei, Taiwan, 3.12.-7.12.1999.
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predavanje.
DRUGI ZNANSTVENI SASTANAK HRVATSKOG
FIZIKALNOG DRUŠTVA
Zagreb, Hrvatska, 1.12.-3.12.1999.
7'9 2   	 
 	  
  "! E $ 	 $60 %
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S., Zovko, N.
Prilozi:
Andraši, A., Taylor, J. C.: Renormalizacija Wilsonovih
operatora u prostoru Minkowskoga, poster.
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kolektivnog polja oko zidnog rješenja Chern-
Simonsove teorije, poster.
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skalarni integrali, predavanje
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Struktura protona i instantoni, predavanje
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koloidnoj kemiji (fraktalna analiza agregata), poster.
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dinamike u medicini (nestacionarne vremenske serije
EKG-a i EEG-a i kaos), poster.
Martinis, M., Štambuk, N.: Nelinearne dinamike u
genetici (sekvencioniranje proteina i fraktalnost),
poster.
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poster.
Mikuta-Martinis, V.: Procesi višepionske produkcije i




induciranom raspadu B, poster.
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prijelazi, dinamike i struktura supramolekularnih
agregata u otopini (Defined clusters of
association colloids in aqueous solutions).
Martinis, M. - vanjski suradnik na projektu: Primjena
fraktalne analize u obradi agregacijskih procesa
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voditeljica projekta, Kemijski odsjek PMF-a,
Zagreb).
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Program rada:
Analizirani su rezultati mjerenja više nuklearnih reakcija zanimljivih za astrofiziku. Iz nuklearnih
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eksperimentalne podatke iz NOMAD-a postavljena je granica na foton-aksion vezanje
14105.1  GeVga  za mase aksiona eVma 40 . Završeno je mjerenje mase hadronskog
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ionizacija unutrašnjih K i L atomskih ljuski, te utjecaj atomskog okoliša na spektar x-zraka. Uz razvoj
niza metoda karakterizacije (PIXE, RBS, ERDA) i modifikacije materijala, upotrebom niskih struja (<fA)
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transverzalnog impulsa.
Research programme and results:
Experimental results for several nuclear reactions relevant to nuclear astrophysics are analysed.
Information on highly excited states of light nuclei is obtained from the analyses of results from the
7Li+7Li and 9Be+7Li reaction measurements. The 6He the  6He+6Li and 6He+7Li reaction measurements
are completed. The high precision (0.1%) experimental investigations of pionic beta decay is
continued. The improved multichannel and multiresonance analysis has been completed. The need for
the fourth, strongly inelastic P11 resonance has been established. The experimental and theoretical
investigations of heavy-ion collisions over a wide energy range from a few AMeV to a few AGeV have
been performed. Spectra, angular distributions and correlations of protons, light charged particles,
intermediate-mass fragments, pions and kaons have been measured, analyzed and compared with
model predictions. The results thus obtained reveal important information both on nuclear-reaction
mechanism as function of incoming energy and of projectile and target mass and on the properties of
nuclei and nuclear matter under extreme conditions of density, temperature and deformation. From the
data analysis of NOMAD experiment at CERN the upper limit of  22 102.52sin 

 e  for the
electron-tauon neutrino mixed angle for large 2m  is obtained. Using experimental data from NOMAD
collaboration the limit for the photon-axion coupling constant of 14105.1  GeVga  for axion
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masses eVma 40  is obtained. We have completed the experimental investigation of the hadronic
axion mass using the de-excitation of the first 477 keV level in 7Li from the Sun. Theoretical
investigations of the solar and atmospheric neutrino problems is continued. Two-photon interaction
between pseudo-scalar mesons which include axial anomaly has been investigated. The investigation
of the Compton process is continued and specific results demonstrates an asymmetry for the validity
of impulse approximation for the photon and electron observables in the regime when the moment
transfer is the ruler of average momenta of orbital electron. The electromagnetic 4-momentum and the
"4/3" problem are investigated in a manifestly covariant formulation of electrodynamics with the 4-
vectors of the electric and magnetic fields. Beams of protons, 12C, 16O and 28Si ions of  MeV energy
range were used in studies of multiple ionisation of the inner atom shells (K and L) and influence of
atom environment on the x-ray spectrum. Among the various applications of nuclear microprobe
techniques in material characterisation (PIXE, RBS, ERDA) and modification, the low current (<fA)
technique IBIC has been further developed and applied in the investigations of charge collection
properties in different semiconductor materials, Si and CdZnTe radiation detectors. The carbon cycle
in nature has been investigated on the example of speleothem and tufa formation in karst regions with
the emphasis on the comparisons of isotope content in caves and the atmosphere. The Townsend
ionization coefficient was determined for mixtures of argon with propane, butane and dimethyl-ether by
using low-pressure proportional counter. Charge transfer in H + O+ and H+ + O collisions at the
energies up to 1 keV was investigated. Investigation of particle production in lead-lead central
collisions, in the framework of the international project NA49 at CERN has been performed. The main
motivation is to investigate the transition to a new state of hadronic matter, the quark-gluon plasma.
The following results have currently been completed: the production of neutral strange baryons and
mesons,  and   production, the measurement of the two-proton correlation function, and event-
by-event fluctuations of average transverse momenta.
  !"  #$ 
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Program rada i rezultati na temi:





astrofiziku, kao i razvoju eksperimentalnih metoda. Mjerenja se izvode na dostupnim akceleratorima u
C 3  $     
! 
 4 661  5#
3*   :EEE  #  
 G
a) završena je analiza rezultata mjerenja nuklearnih reakcija 7Li-7Li i 9Be+7Li i dobiveni su podaci o
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b) završen je drugi dio mjerenja nuklearnih reakcija 6Li+6C *    6He
(E=18 MeV, Y=5106 6He/s), te je završena analiza rezultata prvog mjerenja za reakciju
6Li+6He10Be+d;
c) obavljeno je mjerenje reakcija 6He+7 *     6He;
d) nastavljena je primjena metode “trojanskog konja” za dobivanje podataka o nuklearnim reakcijama
zanimljivim za nuklearnu astrofiziku i to za reakcije 7Li(p,)4He, 6Li(d,)4He i 12C(,)16O;
e) prijedlog za mjerenje reakcija 18O+10Be na supravodljivom ciklotronu u Laboratori Nazionali del Sud,
Catania, je pripremljen i prikazan pred Savjetodavnim programskim povjerenstvom, koje ga je odobrilo
   +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Research programme and results:
This research is providing information relevant to nuclear physics and nuclear astrophysics. The
development of experimental methods is also done. The measurements are performed in collaboration
with groups of physicists from Catania, Louvain-la-Neuve and Edinburgh using the accelerators in
Croatia, Italy and Belgium. Main topics of the research as well as the results obtained in 1999 are the
following:
information on highly excited states of light nuclei is obtained from the analysis of results from the
7Li+7Li and 9Be+7Li reaction measurements;
the second part of the 6Li+6He reaction measurement was performed using the radioactive 6He beams
(E=18 MeV, Y=5106 6He/s); the analysis of the 6Li+6He10Be+d reaction data from the initial
measurements was completed;
the measurements of the 6He+7Li reaction was performed using the 6He beam (E=18 MeV, Y=5106
6He/s);
further application of the Trojan horse method for the extraction of nuclear reaction data relevant to
nuclear astrophysics was done for the 7Li(p,)4He, 6Li(d,)4He i 12C(,)16O reactions;
a proposal for the measurements of the 18O+10Be reactions using the superconducting cyclotron of the
Laboratori Nazionali del Sud (LNS), Catania, was prepared and presented to the LNS PAC, which
accepted it and the experiment is scheduled for the spring of 2000;
initial measurements of the response to protons of highly sensitive termoluminiscent dosimeters were
performed.







NUCLEAR REACTIONS INDUCED BY 7LI AND STRUCTURE OF LIGHT NUCLEI
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Program rada i rezultati:
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Projekt je realiziran u skladu s zacrtanim planom, te broj publikacija odgovara planiranom broju, koji se
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usavršavani u suradnji s našim kolegama u svjetskim institutima.
Research programme and results:
The topic Symmetries and interactions has realized the estimated goals. Concerning the experimental
part, we have participated in all planned experiments within international collaborations. Intermediate
results of unfinished measurements have been published in adequate publications, published in
journals which are contained in Current Contents. The theoretical part of the topic has fulfilled, and
even surpassed the estimated goals. The multichannel, multiresonant analysis of pion-nucleon
scattering has been finished, and published in CC publications. On the basis of that analysis, and in
collaboration with the international group which makes calculations of spin-isospin parameters of ½ -
½ resonances it has been established that the present data base can not been described with only
three P11 resonances, and that it has been needed to assume and proove the existence of the fourth
P11 resonance. The research has, as well been published in CC journal. The effect of pi and eta
meson mixing has as well been analysed. One publication is printed in CC Journal, and the other one
is in the phase of preparation for publication.
The project has been realized in accordance with the forseen plan, and the number of publicatons is
corresponding to the number of researchers remaining on the project. Because of a number of
surprisingly good results the new possibilities to expand the domain of the project has been opened. In
the experimental part the completion of undergoing experiments baseed on pion and eta phzsics is
expected, and the extention of similar kind of experiments to the processes where photons and
strange particles. The extention of theoretical calculation to more then than three channels is
expected. We have received the invitation to paticipate in the activities of newly formed Baryon
Analysis Resonance Group (BRAG), and at the same time we have received the invitation to give the
invited, overview talk at the Nstar2000 conference in Thomas Jefferson Laboratory in Newport News,
Virginia, USA. The project has acqired a new collaborator, Saša Ceci, which has started his activities
in November, and untill now he has found his place in the general scheme of the program. We hope
that our project could continue the afore mentioned propulsive activities with acquiring at lest one of
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Program rada i rezultati na temi:
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rasponu ulaznih energija od nekoliko AMeV do nekoliko AGeV.
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s participant-spectator slikom teškoionskih reakcija visokih energija.
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nizovima izotopa teških i srednje teških jezgara.
Organizirali smo u Rabu tijekom lipnja 1999. pod pokroviteljstvom International Union of Pure and
Applied Physics (IUPAP) skup "7th International Conference on Clustering Aspects of Nuclear
Structure and Dynamics". Uredili smo i priredili za tisak zbornik navedene konferencije u izdanju World
Scientific Publ. Co. iz Singapura.
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Research programme and results:
The basis of the project are the experimental and theoretical investigations of heavy-ion
collisions over a wide energy range from a few AMeV to a few AGeV. The experiments have been
carried out in the framework of the international FOPI collaboration centred around the 4 particle
detector at the SIS/ESR accelerator facility of the Gesellschaft für Schwerionenforschung, Darmstadt,
Germany, and at the Institut de Recherches Subatomiques, Strasbourg, France. The results thus
obtained reveal important information both on nuclear-reaction mechanisms and on the properties of
nuclei and nuclear matter under extreme conditions of density, temperature and deformation.
 Briefly, the main results achieved in 1999 are as follows:
- Flow angle for various symmetric reactions at bombarding energies from 90 to 800 AMeV
has been deduced from the measured directed sidewards flow of light charged particles and
intermediate mass fragments. The data exhibit a steep rise of the flow angle to a maximum at around
250 - 400 AMeV followed by a moderate decrease at higher bombarding energies. The observed
behaviour differs from the ideal hydrodynamical model scaling.
- It has been shown that in particular cases heavy-ion resonances are excited by a coherent
contribution of several (4 to 5) adjacent partial waves.
- Theoretical analysis of the dynamical component of light-particle emission in heavy-ion
reactions at intermediate energies, which dominates the midrapidity emission, has shown its
importance and similarity to the high-energy participant-spectator picture of heavy-ion reactions.
- Study of -particle unbound inelastic and highly energetically mismatched transfer channels
in the collision of carbon nuclei shows a structured excitation function up to energies of 10 AMeV.
- Scattering of oxygen nuclei in the range from 5 to 8 AMeV displays strong refractive effects
(“nuclear rainbow” and associated Airy structures). This has made possible an unambiguous
determination of the optical potential in a broad energy range.
- The importance of the preequilibrium emission mechanisms has been shown in describing
complex-particle (cluster) cross sections in intermediate energy reactions. Various models with quite
different physical assumptions on the cluster formation have been applied and tested by comparing
their predictions with the observed isotopic trends in (n,) reactions on heavy and medium-heavy
nuclei.
- We have organized the 7th International Conference on Clustering Aspects of Nuclear
Structure and Dynamics sponsored by IUPAP which took place at Rab in June, 1999. The
Proceedings of the Conference has been edited and prepared for publication by World Scientific Publ.
Co., Singapore.
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Program rada i rezultati na temi:
Tijekom 1999. nastavili smo radom na analizi podataka dobivenih u eksperimentu NOMAD u CERN-u.
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 e  dobiven je za velike
vrijednosti 2m  na masu neutrina, a za 12sin2 

e  dobivena je gornja granica 22 11eVm  .
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invarijantnosti u QCD-u. Primijenivši metodu regeneracije fotona na eksperimentalne podatke
NOMAD-a postavili smo gornju granicu na foton-aksion vezanje 14105.1  GeVga  za mase
aksiona eVma 40 .
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raspadu 7Be uhvatom elektrona. Emitirani aksioni mogu zatim rezonantnim procesima pobuditi isto
stanje u 7Li meti u laboratoriju na zemlji; to stanje se onda deeksitira emisijom fotona ili konverzionih
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7Li metom i analiza
podataka je u tijeku.
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energijama (1020 - 1022 eV), kada je izvor neutrina smješten u središtu galaksije. Korištenjem
#     
  
 ??  

     
   
      

 !#  #  1 
 
 ?R?   
   
 
+    0
    ?R? 
           !
       :9
-10
.
3*    # 
  !  
/
  6 !    
 ,#B6=J  $#6,
* =    
   
!    

  )        *  

  
    !  
   
 
 
Research programme and results:
In 1999 we continued with our work on data analysis from the NOMAD experiment at CERN. One of
the most important result of the NOMAD experiment in 1999 is the upper limit on the mixing angle
between electronic and tauonic neutrinos. Our result of 22 102.52sin 

 e  was obtained for large
2
m  neutrino mass values and for 12sin2 

e  the upper limit of 
22 11eVm   was obtained.
Also using the NOMAD data we placed an upper limit on the constant of interaction between fotons
and axions, hypothetical pseudoscalar particles which should be responsible for conservation of CP
invariance in QCD. Using the method of photon regeneration on experimental data of NOMAD we
determined the upper limit on photon- axion coupling constant 14105.1  GeVga  for axion
mases eVma 40 .
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axions. If such axions exist in nature, they should also be emitted from the Sun in the M1 transition
67
between 477 keV and the ground state in 7Li. First excited 477 keV level in 7Li is excited in the well
known EC decay of 7Be. Emitted axions in the resonant processes can excite the same states in 7Li
target placed in the laboratory on Earth; these states can be deexcited by the emission of photon or
conversion electron, which could be easily detected. In 1999 the experiment with 7Li was completed
and the data alaysis is in progress.
We continued with the development of a novel experimental method for the detection of weakly
interacting neutral vector bosons using coherent scattering of laser beam on the plane interface
between two media of different refraction indexes. We estimate that using this method at vacuums of
Torr1010  the experiment would enable  the detection of hypothetical anti-gravitons.
An effect of adiabatically resonant conversion in galactic halos of neutrinos at the highest energies
(1020 - 1022 eV), when the  source is in the center of a galaxy, has been studied. By using the
standard neutrino properties and the standard cosmological scenario for the hot dark part of matter,
we find that interesting conversions may take place just for neutrino parameters relevant to the solar
and atmospheric neutrino problem. In addition, an approved limit on the scalar-neutrino coupling
constant, has been obtained from quintessential cosmology. It was shown that if quintessential theory
allows for a violation of the equivalence principle in the sector of neutrinos, the current solar neutrino
data can probe such a violation at the 10-10 level.
Two photon interactions of pseudoscalar mesons which includes axial anomaly has been investigated.
Quark-antiquark bound states are calculated in the coupled Schwinger-Dyson and Bethe-Salpeter
equations approach. Two-photon widths and transition form factors are calculated in the generalized
impulse approximation. In the chiral limit two-photon decay width of the neutral pion is in agreement
with the current algebra result, and small observed deviations are motivation for more precise
measurements.








INVESTIGATIONS OF NEUTRINO OSCILLATIONS AT CERN
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energijama u višeelektronskom sustavu. U procesu dvostruke ionizacije komptonskim raspršenjem
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Research programme and results:
Compton scattering on bound electrons: dynamics of the process and electron momentum density
(EMD) determination. Double ionization in Compton scattering, investigation of e-e correlations.
Relativistic description of the second order field for steady currents in conductor. The investigation of
the Compton process is continued and specific results demonstrate an asymmetry for the validity of
impulse approximation for the photon and electron observables in the regime when the moment
transfer is of the order of the average momentum of orbital electron. Energy dependence of
photoabsorption cross section (double photoeffect) for high energies is explained in terms of
singularities of two-electron were function, for many-electron systems. In double ionization by
Compton scattering a “double Compton” profile” is investigated, an observable which gives information
on e-e correlation. The electromagnetic 4-momentum and the “4/3” problem are investigated in a
manifestly covariant formulation of electrodynamics with the 4-vectors of the electric and magnetic
fields. Some new effects are predicted for relatively moving systems (for example loop with steady
current).
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Program rada i rezultati na temi:
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16O iona energija od 0.19 do 0.75 MeVu-1, te detekcije X-zraka
elemenata 48<Z<70. Od teorija za direktnu ionizaciju, najbolje slaganje s rezultatima mjerenja je
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višestruke ionizacije sa snopovima 3 MeV protona i 5 MeV Si iona, te je dokazan utjecaj kemijske
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mangana. Zbog nedostatka univerzalne parametrizacije masenih koeficijenata apsorpcije za fotone u
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u rasponu fotonskih energija od 100 eV do 1000 MeV. Korištenjem niskih struja (<fA) iona u
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dimenzija.
Research programme and results:
The interaction of MeV ions with matter is studied on the basis of experimental research of the inner
shell ionisation and elastic or inelastic scattering of ions with atoms and nuclei. Detection of interaction
products is used for the study of particular process, and for the characterisation of target material.
Ionisation of L subshells was studied using 0.19 - 0.95 MeV u-1 16O ion beams, and detection of
characteristic x-rays for elements 48<Z<70. Results were compared with direct ionisation theories,
among which the semiclassical approximation of unified atom (SCA-UA) showed the best agreement.
In collaboration with the Osaka National Research Institute, multiple ionisation effects were studied
using high resolution X-ray spectrometer with 3 MeV proton and 5 MeV Si beams. A possibility of
chemical state microanalysis was confirmed for different Si and Cd compounds. Using the most recent
compiled photon cross section data, a comprehensive parameterisation of the total photon mass
attenuation coefficients for photon energies between 100 eV and 1000 MeV was performed in
collaboration with the National University of Singapore. Using the nuclear microprobe low current
mode (<fA), collected charge at the electrodes for different semiconductor devices was measured as a
function of charge created along the ion path. This technique (IBIC - Ion Beam Induced Charge) has
been used for the studies of charge transport properties in silicon diodes and CdZnTe crystals used as
a room temperature semiconductor radiation detectors. Study of the ion beam induced damage was
performed on various semiconductors. Selective irradiation of silicon power diodes resulted in
improved working capabilities of such devices. Apart from a number of different applications of ion
beam analysis performed using the nuclear microprobe, development of material modification
methods was also included in the research program. Lithographic properties of focussed ion beams
were exploited on the basis of selective damage of silicon to produce porous silicon microstructures.
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14C, 3H, 230Th/234U, te stabilni izotopi 13C, 2H i 18O)
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14C aktivnost u atmosferskom
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alohtonih (sekundarnih) karbonata ovisi o paleotemperaturnim uvjetima i da je proces vezan za toplija
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utjecaj biogenog CO2 unutar jame. Na primjeru jedne sige kod koje su markirani slojevi iz godina
1944. i 1996. izmjeren je odziv 14C aktivnosti uslijed utjecaja nuklearnih eksperimenata u atmosferi.
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14C pokazuje da je špilja osjetljiva na promjene aktivnosti u atmosferi, no
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uzoraka s raznih nalazišta u Hrvatskoj i Sloveniji. Na osnovi 3H mjerenja u podzemnim vodama
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Mjerenja starosti uzoraka obavljena u laboratoriju tijekom zadnjih godina, sistematizirana su i
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Townsendov koeficijent ionizacije /P (P je tlak plina) za smjese argona s propanom, butanom i DME
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vrijednostima u uvjetima slabih polja, dok u jakim poljima Townsendov koeficijent ovisi ne samo o
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H + O+ i H+ + O na energijama od 1 meV, odnosno praga, do 1 keV. Udarni presjeci se razlikuju na
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Research programme and results:
Within the framework of isotopic investigations (radioactive isotopes 14C, 3H, 230Th/234U, stable
isotopes 13C, 2H and 18O) the activity of tritium and stable isotope content in precipitation, as well as
14C activity in atmospheric CO2 in the wider area of Zagreb were regularly measured. Difference
between locations, as the consequence of local contamination, was observed. Results of dating of tufa
and speleothems from Dinaric Karst by 14C and 230Th/234U methods in combination with 18O content
show that the precipitation process of secondary carbonates depends on paleotemperature conditions.
This process is connected with warmer climatic periods (Interglacial Stages 1, 5 and 7). The carbon
cycle in Karst was investigated on the example of speleothem formation in Postojna Cave, Slovenia.
Isotopic measurements within and outside of the cave, performed on different materials, showed the
lower activity of 14C within the cave in comparison with the outer atmosphere. The significant influence
of biogenic CO2 within the cave was confirmed. On the example of a speleothem with known deposits
from 1944 and 1996 the response of 14C caused by nuclear explosion tests in the atmosphere was
measured. A well-pronounced peak in 14C activity shows that the cave is sensitive to the atmospheric
changes in the atmosphere, but they are damped and the response is shifted about 10 years.
Radiocarbon dating of several archaeological and geological series from different sites in Croatia and
Slovenia was performed. In cooperation with the Institute of Geology hydrological investigations of
Gorski kotar region were made on the basis of 3H measurements in groundwater. All existing results of
radiocarbon measurements in our Laboratory were systematized and dendrochronologically
calibrated, and published in journal Radiocarbon.
Concerning the interaction of radiation and gases the following results have been achieved:
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The Townsend ionization coefficient /P (P is gas pressure) was determined for mixtures of argon with
propane, butane and DME (dimethyl-ether) by using a low-pressure proportional counter. Relatively
strong reduced electric fields obtained in the counter enabled a study of non-equilibrium effects. Good
agreement with other experimental or theoretical data was obtained in weak reduced electric fields,
while in strong fields the /P started to depend on pressure. Charge transfer in H + O+ and H+ + O
collisions is investigated at low energies between 1 meV and 1 keV, based on a fully quantum
mechanical molecular orbital expansion model. The two sets of cross sections approach each other
above 3 eV and become nearly identical above ~10 eV. A series of very strong oscillatory structures is
seen in the energy region between 1.5 eV and 7 eV.
EKSPERIMENTALNA FIZIKA VISOKIH ENERGIJA
HIGH ENERGY EXPERIMENTAL PHYSICS
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novog stanja materije, Kvarkovsko gluonske plazme.
& :EEE     
G
- produkcija neutralnih stranih bariona i mezona
- produkcija  i  !
- mjerenja dvo-protonske korelacione funkcije
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Research programme and results:
The program consists of two parts. The first one is research of particle production of lead-lead central
collisions, within the international project NA49 at CERN, Geneva. The main motivation is to
investigate the transition to a new state of hadronic matter, the Quark Gluon Plasma (QGP).
The following results have currently been completed :
- the production of neutral strange baryons and mesons
- the  and   production
- the measurement of the two-proton correlation function
- the event-by-event fluctuations of average transverse momenta
- the baryon stopping and charge particles distributions
- the centrality dependence of directed and elliptic flow
72
To understand the particle production in non-perturbative 'regime', proton on proton and proton on
nucleus interactions are also being investigated.
The second part of our research programme is the development of a novel optical monitoring system
for precision alignment of particle tracking, for the muon spectrometer of the ATLAS detector. The
main motivation of the ATLAS experiment at Large Hadron Collider (LHC) is to search for Higgs and
SUSY particles.
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Program rada i rezultati na temi:
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biološkom materijalu, priobalnom moru i drugim uzorcima) mjerene su na lokacijama Puntarske drage,
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fluorescencije x-zraka, XRF. Dobiveni rezultati korišteni su za evaluaciju stanja okoliša na navedenim
lokacijama.
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Research programme and results:
Concentrations of some two dozens of chemical elements in geochemical environment (soil, sediment,
drinking water, biological material, coastal sea and other samples) have been measured in the
samples taken from locations in Punat bay, island of Krk, Plomin bay, and waste disposal site of ex-
aluminum plant in Obrovac by using x-ray fluorescence, XRF, as an analytical tool. The results
obtained have been used for the evaluation of enviromnetal conditions on the investigated sites.
Since the problem of explosive identification could be reduced to the problem of identification of
chemical elements in the material, we have initiated the work on the development of the methodology
of using pulsed neutron sources for detection, identification and localization of explosive devices
(landmines and UXO).
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IAEA su tijekom godine koristili IAEA eksperimentalnu liniju te nuklearnu mikroprobu IRB-a za svoje
potrebe u ukupnom trajanju od 24 radna dana. U sklopu suradnje s Hrvatskim restauratorskim
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mikroprobom.
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Izvršena su brojna datiranja arheoloških i geoloških uzoraka metodom 14C, a mjerenja aktivnosti
izotopa 14C i 3H primijenjena su u nekim hidrogeološkim, paleoklimatološkim i ekološkim studijima.
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fakultetom u Zagrebu, Slovenskom akademijom znanosti in umetnosti i Pokrajinskim muzejom iz
Murske Sobote.
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mirovanja.
Research activities out of the continuous research programme:
According to the agreement between IAEA and IRB, Tandem Van de Graaff accelerator was used 24
working days by IAEA personnel in experiments on IAEA beam line or IRB nuclear microprobe. In the
collaboration with Croatian Conservation Institute, several studies of paint layers for conservation
purposes were performed using nuclear microprobe PIXE and RBS analysis.
Numerous dating of archaeological and geological samples were performed and measurements of 14C
and 3H activity were applied in hydrogeological, paleoclimatological and ecological studies. The
 B# B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Institute for Geological research (Zagreb), Department for Archaeology of the Faculty of Philosophy
(Zagreb), Institute for Archaeology (Zagreb), Department for Forensic Medicine and Criminology,
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J   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
Arts (Ljubljana) and Regional museum of Murska Sobota (Slovenia).
In collaboration with the Surgical Department of the clinical hospital "Sestre Milosrdnice" a chain of
preclinical experiments has been performed at the model with experimental animals using Photofrin II.
A scientific project has been approved which anticipates the development of clinical method as well as
the establishing of the Department for photodynamic therapy at the Clinical hospital "Sestre
Milosrdnice". The project has been faced with the problems of finding the adequate light source and it
 7    J # =      =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Institute. The project is waiting for the completion of that phase in order to proceed with clinical
application.
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the properties of the two-electron wave functions,
poster
II. SEMINAR "DOPRINOS LABORATORIJSKIH
3%+-#93#5 # 1 0=5;-#+=-%0=,
RESTAURATORSKIM RADOVIMA"
Zagreb, Hrvatska, 21.4.1999.
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SAN MINIATO TOPICAL SEMINAR ON NEUTRINO
AND ASTROPARTICLE PHYSICS
San Miniato, Italija, 17.5.-21.5.1999.
Sudionik: Horvat, R.
Prilog:
Horvat, R.: Some Aspects of the exotic interactions
of neutrinos with an extremely light scalar,
predavanje
7th INTERNATIONAL CONFERENCE ON














Basrak, Z.; Eudes, Ph: Evidence for nuclear matter
transparency in central heavy-ion reactions for light
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Nicoli, M.P.; Szilner, S.; Haas, F.; Freeman, R.M.;
Aissaoni, N.; Beck, C.; Elanique, A.; Nonicer, R.;
Morsad, A.; Basrak, Z.; Brandan, M.E.: Refractive
effects in the collisions between carbon and oxygen







Korolija, M.: Generalized approach to entropy












Spitaleri, C.; Zadro, M.: 7Li(d,)n reaction and the
2+ isospin-mixed doublet in 8Be, poster
Korolija, M. (za FOPI kolaboraciju): System
expansion and clusters, pozvano predavanje












Spitaleri, C.; Zadro, M.: The 6He+6Li reactions and
exotic states of 10Be, poster
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Zadro, M.: Nuclear reactions induced by 7Li and
clustering in light nuclei, poster
Szilner, S.; Nicoli, M.P.; Basrak, Z.; Freeman, R.M.;
Haas, F.; Morsad, A.: Refractive effects and
difference of absorption in 12C+16O and 12C+18O,
poster
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APPLICATIONS OF NUCLEAR TECHNIQUES
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"NUCLEAR TECHNOLOGY FOR SAFETY,
SECURITY AND INDUSTRIAL DEVELOPMENT"
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coefficient and energy resolution in some pure gases
and gas mixtures in strong electric fields, predavanje
18th INTERNATIONAL CONFERENCE ON X-RAY
AND INNER-SHELL PROCESSES
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Ionization by Photoabsorption of two Electron Atoms
and Ions, poster
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recoil detection analysis for large recoil angles (LA-
ERDA), poster
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Tajani,  A.: Characterization of reference materials
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Mustarelli, P.: External microbeam study of Li and F
distribution in polymer/gel battery system using PIGE
spectroscopy, poster
XXVI. MAZURIAN LAKES SHCOOL OF PHYSICS -
NUCLEAR PHYSICS AT THE TURN OF THE
CENTURY
Krzyze, Poljska, 1.9.-10.9.1999.
Sudionici: Basrak, Z., Korolija, M.
Prilog:
Basrak, Z.; Eudes, Ph.; New observable for the in-
medium NN cross section, predavanje










Aliotta, M.; Figuera, P.; Lattuada, M.; Pellegriti, M.G.;
Pizzone, R.G.; Romano, S.; Spitaleri, C.; Tumino, A.;
Zappala, R.A.; Rolfs, C.; Gialanella, L.; Strieder, F.;
Wolter, H.; Typel, S.; Cherubini, S.; Musumarra, A.;
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12C()12C mediante il metodo del Trojan Horse,
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WORKSHOP ON FLOW AND STRANGENESS




Sudionici: Basrak, Z.; Korolija, M.
Prilog:
Basrak Z.: Nuclear transparency at 400 AMeV and
around the Fermi energy, predavanje




Pisk, K.: E-School Project, predavanje
11th INTERNATIONAL WORKSHOP ON ROOM
TEMPERATURE SEMICONDUCTOR X- AND
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Chattopadhyay, K.; Ma, X.; Burger, A.: Influence of
electrical contacts on charge collection profiles in
CdZnTe studied by IBIC, predavanje
I. INTERNATIONAL WORKSHOP ON KARST








B.: Investigation of groundwater infiltration to
seawater in Punat Bay, Krk Island, Croatia, by
measurements of conductivity and stable isotopes in
water, predavanje
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impulsne aproksimacije u Comptonskom raspršenju
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Pisk, K.: Proces Comptonskog raspršenja i
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Prakhov, S.; Supek, I.: Mjerenje zabranjenog CP
prijelaza za ni prema 40
 raspad, predavanje
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= B. First Workshop of concerted action No.
ERBIC18CT980384 (DG-XII, INCO-MED) on
Study, characterisation and analysis of
degradation phenomena of ancient, traditional
and improved building materials of geologic
origin used in construction of historical
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Marco Matiuzzi, IAEA Laboratories Seibersdorf,
Austrija, 17.5-21-5.1999, 29.11.-3.12.1999.
Antonella Tajani, IAEA Laboratories Seibersdorf,
Austrija, 7.6.-11.6.1999., 6.12.-10.12.1999.
Eero Rauhalla, Department of physics, University of
Helsinki, Finska, 6.7.-8.7.1999.




Silvio Galassini, Università di Verona, Verona, Italija,
4.10.-6.10.1999
Marcello Lattuada, Università di Catania, Catania,
Italija, 9.12.-19.12.1999.
Aurora Tumino, Laboratori Nazionali del Sud,
Catania, Italija, 10.12.-19.12.1999.
Claudio Spitaleri, Università di Catania, Catania,
Italija, 9.12.-15.12.1999.
Richard H. Pratt, University of Pittsburgh, Pittsburgh,
SAD, 11.12.-14.12.1999.
Agatino Musumarra, Laboratori Nazionali del Sud,
Catania, Italija, 12.12.-22.12.1999.
Gianluca Pizzone, Laboratori Nazionali del Sud,
Catania, Italija, 15.12.-22.12.1999.
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M. Korolija, znanstveni tajnik skupa
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http://www.irb.hr/zmf.html
ZAVOD ZA FIZIKU MATERIJALA
DIVISION OF MATERIALS PHYSICS
Dr. sc. Branko Pivac, predstojnik Zavoda
Tel: ++385 1 4561 068, fax: ++385 1 4680 114
Ustroj Zavoda:
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MATERIJE I MOLEKULA; INTERAKCIJE I DINAMIKA
STUDY OF DEFECTS DISORDERED/ORDERED MATTER
AND MOLECULES; INTERACTIONS AND DYNAMICS
Direktor programa: dr. sc. Branko Pivac
Teme u sastavu programa:
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Poticajni projekti znanstvenih novaka i asistenata u okviru tema:
Neizotermna kinetika kristalizacije amorfnih metala, dr. sc. Tihomir Car, nositelj projekta
,- 
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Program rada:
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vezu mikroskopskih i makroskopskih svojstava materijala u jednostavnim (Si) binarnim (GaAs, GaN,
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nanofaznih i staklastih materijala.
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procesi u plazmi dobivenoj pri laserskoj ablaciji metala i nemetala.
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Research programme is focussed on following subjects:
- study of fundamental characteristics of defects, their mutual interaction, as well as their impact on
connection between microscopic and macroscopic properties of materials in simple (Si), binary (GaAs,
GaN, CdS), and multinary semiconductors and complementary oxides. Study of nanophase and
glassy material characteristics.
- study of amorphous thin films produced by non-equilibrium thermodynamical processes (magnetron
sputtering). Particularly Al-W and WC films will be studied. Processes in plasma obtained during laser
ablation of metallic and non-metallic materials will be studied.
- fundamental research in the field of molecular and solid state physics with special emphasis on
vibrational spectroscopy. The systems under investigation vary in their origin and composition - from





    
STUDY OF DEFECTS IN SEMICONDUCTORS AND INSULATORS
Voditelj teme: dr. sc. Branko Pivac
Tel: ++ 385 1 4561-068, e-mail:pivac@rudjer.irb.hr
Suradnici na temi:
Dunja-Ida Desnica, doktorica fiz. znanosti, viša znanstvena suradnica
Uroš Desnica, doktor fiz. znanosti, znanstveni savjetnik
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Branko Pivac, doktor fiz. znanosti, znanstveni savjetnik
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Natko Urli, doktor fiz. znanosti, znanstveni savjetnik
Suradnik iz druge ustanove:
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Program rada i rezultati na temi:
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TSC mjerenja na GaAs.
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višekomponentni spojevi halogenida i halkogenida tipa super-ionskih fero-elastika i polinuklearnih
halida.
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aproksimacije u analizi rezultata, kao i fraktalni model u opisu uzoraka dobivenih ALE metodom.
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neovisna o koncentraciji alkalijskih iona.
Research programme and results:
Study of defects in Si is continued. It is shown that paramagnetic defects are very effective in
revealing the degree of relaxation in silicon amorphized by krypton implantation. This studies open
way to research of paramagnetic centers clustering in amorphous silicon.
We studied the profile of Raman TO line in polycrystalline silicon and in combination with TEM results
a new method is developed for determination the degree of crystalinity of RTCVD polycrystalline
silicon samples.
Order-disorder transitions in GaAs implanted with equal doses of Ga and As are studied and
mechanisms explaining this phenomena are proposed. Analog studies on Ge are started. We resolved
one of the last uncertainties about quantitative determination of the concentration of defects with deep
levels from TSC measurements on GaAs.
Connection of microscopic (PAC method) and macroscopic (Hall effect) properties of CdS implanted
with In were studied. All implantation induced defects were removed by annealing under the cadmium
vapor pressure, when practically all indium atoms took substitutional positions. This explains nicely
high electrical conductivity of CdS:In.
PL spectra are analyzed in a series of MOCVD GaN samples undoped, doped p and n and codoped.
It is observed that the same PL peaks are always present. Analyzing specific peaks their origin is
searched as well as the mechanism for the selfcompensation effect.
Numerical analysis is performed of structural, topological and compositional disorder impact on optical
properties of multinary semiconductors with the particular attention at the Urbach tail. Studies were
performed on multicomponent super-ionic ferro-elastic type of compounds
Paramagnetic defects in silicon oxinitride films were studied. It is shown that the total DB
concentration is proportional to the oxygen content. The presence of N-H bonds induces a release of
the film stress, which seems to be related to the DB concentration.
SAXS measurements with synchrotron light were used to study the characteristics of nanophase TiO2
and CeO2, grain dimensions and specific surface. The classical Porod and Guinier approximation
model is used in the results analysis, as well as fractal model.
Influence of the iron phosphate glasses composition doped with CsO2 i Na2O/K2O on the electrical
conductivity is studied by TSC and admittance spectroscopy. Results showed that the electron




    
Tel: ++385 1 4680-224, e-mail: radic@rudjer.irb.hr
86
Suradnici na temi:




Tihomir Car, doktor fiz. znanosti, viši asistent
Davor Gracin, doktor fiz. znanosti, zanstveni suradnik
   
 




+    .
Suradnici iz drugih ustanova:
,  9-  
 
   ! .  
2   ') ')
< *  
 
   
  * 
 
   ')
$ $ -9  . 
   ! ) ( 
.) 2   ') ')
4) $  
 
   
  * 
 
   ')
$ 2  
 
  -  2   ')
Zagreb
+ "  
 
   -  2  
Zagrebu, Zagreb
Program rada i rezultati na temi:
*    . +-6   
 
8    ). 
      
amorfnim filmovima u intervalu od 100C do 500C. Ispitan je utjecaj sastava filma, podloge,
temperature podloge pri depoziciji filma, i debljine sloja. Pokazano je da je znatan utjecaj strukturne
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pojavljivanja kristalne faze u amorfnoj matrici. Korozijske osobine Al-W filmova ispitane su
elektrokemijskim metodama u tehnološkim i fiziološkim otopinama. Otpornost prema koroziji amorfnih
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Mjerenje metodom Ramanske spektroskopije konfiguracije/faze nevezanog ugljika inkorporiranog u
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(eksitacijski) i spori (relaksacijski) procesi, i analizirana njihova ovisnost o energiji i intenzitetu
osvjetljavanja.
Formirani su uzorci amorfnog hidrogeniziranog silicij karbida magnetronskim izvorom u širokom
rasponu sastava i temperature podloge. Dobivenim filmovima su ispitivana strukturna svojstva infra-
crvenom i Ramanovom spektroskopijom, AF (Atomic Force) mikroskopijom, difrakcijom x-zraka pod
malim kutem i nuklearnim metodama (RBS, ERDA). Pokazano je da dobiveni filmovi odgovaraju
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interesa razjasniti porijeklo vrlo intenzive fotoluminiscencije koju pokazuju napravljeni filmovi sa
omjerom koncentracija silicija i ugljika, (CSi/CC3   >B 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laserski proizvedenoj plazmi. Smanjenje, ili potpuno uklanjanje, kapljica je presudno za upotrebivost
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Research programme and results:
Thermal stability of amorphous Al-W thin films was investigated at sub-crystallization temperatures. A
structural relaxation of amorphous films in the 100-500C temperature range was investigated by X-
ray diffraction and electrical measurements. The effects of alloy composition, substrate quality,
deposition temperature and film thickness were investigated. By corresponding measurements on
amorphous Al-Cu and Ti-Cu films, it was shown that the pronounced variation of the electrical
resistance related to structural relaxation in Al-containing alloys is probably due to specific electronic
structure of aluminum. Mechanical properties of Al-W thin films were investigated by microhardness
measurements: completely amorphous films ehxibit microhardness of about 7 GPa, while increase in
tungsten content results in an increase of microhardness to about 20 GPa. A high corrosion resistance
of the amorphous Al-W films against the technical and physiological solutions was established by
electrochemical methods. The corrosion resistance of Al-W alloys exceeds about two orders of
magnitude that of pure aluminum, and approches that of pure tungsten.
It was shown (by correlation between Raman spectroscopy and nanoindentation results) that the
decrease in hardness of W-C thin films is due to unbound/excessive carbon buried into the film during
deposition. A new W-C samples, which will allow establishment of quantitative relationship, were
prepared.
The effects of thermal annealing of nanophase TiO2 in reactive atmosphere (H2, N2, O2) upon
photoconductivity in the UV spectral range were investigated. Two contributions to the
photoconductivity were distinguished one, due to the fast (excitation) and the other to the slow
(relaxation) processes.Their variation with photon energy and irradiation intensity was analyzed.
Amorphous hydrogenated silicon carbide thin films were deposited by magnetron sputtering under
variety of composition and  deposition conditions. The properties of deposited specimens were
examined by infra-red and Raman spectroscopy, AF (Atomic Force) microscope, SAXS spectroscopy
(Small Angle X-ray Scattering) and nuclear methods (RBS, ERDA). It was shown that in most of the
applied deposition conditions, the structure of obtained films corresponds more likely to random
network, with no chemical ordering, than to complete chemical ordering with homogeneous dispersion.
The contribution of homo- and hetero-polar bondings is mainly statistic, resulting in polyphase system.
The correlation of relative contribution of each phase in the structure with deposition condition is
subject of analysis. A model for explanation of very strong photoluminescence in the specimens
having carbon to silicon ration greater than 0,3 is worked upon. A study of infra-red laser beam
interaction with deposited films is initiated. Some efforts were made in examination of the possibility of
production thin carbon films with dominant sp3 configuration in C-C bonding.
New research on usability of capillary ablation targets for pulsed laser deposition (PLD) of thin films
was started. In this process, the capillary wall is ablated by a co-linear laser beam. First results
indicate that this ablation geometry allows significant reduction of the size of droplets that always
accompany laser-produced plasmas. Some reduction in droplet abundance is also observed. Some
results obtained as a spin-off of this research indicate that PLD capillary plasmas might also be usable
in the field of XUV lasers as the hydrodinamical collision with PLD plasma generated on a planar
target by the same laser pulse offers a simple way of obtaining the required population inversion.
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desnim helicitetom i slabljenje onih s lijevim, objašnjeno je na osnovu Fukumoto-Miyazaki teorije
zasnovane na prisustvu aksijalnog toka u filamentima. Sugerirano je da se laser-materija interakcije
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Nastavljen je rad na problemu niskotemperaturnih unutarmolekulskih vibracija u sistemima
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(ortoterfenil) i u faznim prijelazima (halogenizirani benzofenoni).
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Ramanovom spektroskopijom in situ ali i a posteriori 
    .-  .-
oksidnih sistema kao što su ZrO2, TiO2 s primjesama CuO, Y2O3  '4 $  0  
     .   . .   
vodenom mediju.
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morskoj vodi. Pokazano je da su dominantni  mehanizmi koagulacije smicanje, diferencijalna
sedimentacija i formiranje vodikovih veza.
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Research programme and results:
Research programme is focused on fundamental research in the field of molecular and solid state
physics with special emphasis on vibrational spectroscopy. The systems under investigation vary in
their origin and composition – from metals, metal oxides, semiconductors, ceramics on one side to
molecular crystals and biological samples on the other.
Surface selforganization processes taking place in laser-matter interactions (LMI) were studied on the
time scale of 10 ns under oscillatory forcing of the surface “bilayer” of liquid metal. The formation of
vortex microfilaments, their cascade splittings, and period doubling transition into chaos have been
observed. We studied the formation and the structure of solitons on filaments  in two and three
dimensions. (caused by torsion).
In addition, numerical simulation of the multisoliton propagation and collision on the basis of the Hirota
method, was performed. Anihilation of threedimensional solitons  with right helicity, and damping of
those with left one, was interpreted on the basis of the Fukumoto-Miyaki theory, and the presence of
the axial flow in the filaments. It was suggested that LMI at ns time scale can be used as the
experimental laboratory model for study of dynamics at extremely small amd extremely large
(astrophysical) scales, where they cannot be studied.
We study the possible role of the low-frequency molecular vibrations in the phase transitions and
formation of the glassy phase in molecular solids. Low temperature Raman spectroscopy was used in
study of polycrystalline nitromethane and dimethylacetylene (DMA). Indications of new, yet unreported
phases, were found: in nitromethane for a mesophase few degrees below the melting point, and in
DMA for one stable and one unstable solid phase.
Raman spectroscopy was applied for determination of particle dimensions in nanosized TiO2 via
properties of low frequency spherical mode. Its deconvolution gave the distribution of particle sizes.
Nanoparticle size was also calculated from the frequency shift and the asymmetric band broadening of
the most intensive band of TiO2. In situ as well as a posteriori Raman spectroscopy was used for study
of the sintering process of homo- and hetero-oxide systems as ZrO2, TiO2 with  CuO, Y2O3 and ZnO
impurities. The method has also been successfully combined with electrochemical measurements in
the process of oxidation inhibition of pure copper surfaces in aqueous medium.
By elastic and inelastic laser light scattering  aqueous systems of increasing complexity are
investigated – starting from simple ionic solutions and ending with the most complex organic
aggregates such as those in seawater. It has been shown that dominant mechanisms of coagulation
are shear, differential sedimentation and hydrogen bond formation.
The research on glassy, ceramic, metal, semiconductor, amorphous samples, as well as on thin films
is continuing. In this research area we expect more progress by use of microscopic and film deposition
methods which have been advanced in the Laboratory via donation of an old equipment from
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Poticajni projekt u okviru teme:
VIBRACIJSKO-SPEKTROSKOPSKA KARAKTERIZACIJA GLJIVA
VIBRATIONAL SPECTROSCOPIC CHARACTERIZATION OF FUNGI
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Prilozi:
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Deep levels in oxygen doped EFG poly-Si, poster.
Borghesi, A; Sassella, A; Geranzani, P; Porrini, M;
Pivac, B. Infrared characterization of oxygen
precipitates in silicon wafers with different
concentration of interstitial oxygen, poster.
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	 " 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Amenitsch, H.; Tonini, R.; Corni, F.; Ottaviani, G.
GISAXS study of defects in He implanted silicon,
poster.
Pivac, B; Tonini, R.; Corni, F. ;Ottaviani, G. EPR
study of the implanted Si, poster
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amorphous alloys, poster.
 	 " 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
on gamma-irradiation induced defects in n-type CZ
Si., poster
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VAKUUMSKE ZNANOSTI IN TEHNIKE IZ
SLOVENIJE I HRVATSKE
Ljubljana, Slovenija, 17.6.1999.
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"
Prilozi:
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generated by laser ablation of capillaries,
predavanje.
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nanofaznih filmova napuštenih u kisiku, predavanje.
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kristalnih Al-W slitina, predavanje.
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H. GISAXS and GIWAXS on Nanosized TiO2
Micelles, predavanje
MATH/CHEM/COMP '99
Dubrovnik, Hrvatska, 21.6.-26.6. 1999.
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F & 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Prilog:
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	 "  *	 " % 8	 ." $$	
S. Grazing-incidence small-angle scattering of
synchrotron radiation on nanosized CeO2  and CeO2-
SnO2 thin films obtained by sol-gel dip-coating
method, pozvano predavanje
THE 15th CONFERENCE ON GLASS SCIENCE OF
THE AMERICAN CERAMIC SOCIETY,
STRUCTURE, PROPERTIES AND APPLICATION
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“Electrical relaxation in mixed alkali iron
pyrophosphate glasses”, predavanje
20th INTERNATIONAL CONFERENCE ON
DEFECTS IN SEMICONDUCTORS
Berkeley, CA, SAD, 26.6.-30.6.1999.,
 F 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Prilozi:
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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" 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Deicher, M. Compensating defects and electrical
activation of donors in CdS, poster
	 !"" 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	 +"" N3	 "
Deicher, M. Study of microscopic mechanisms of
electrical compensation of donors in CdS by fast
diffusors (Cu, Ag or Au), poster
SEVENTH CONGRESS OF SILS (SOCIETA
ITALIANA LUCE DI SINCROTRONE)
Aquila, Italija, 1.7.-3.7.1999
Prilozi:
Amenitsch, H.; Bernstorff, S.; Dubcek, P.;
Kriechbaum, M.; Menk, R.; Rappolt, M.; Pabst, G.;
Laggner, P. The small angle x-ray scattering
beamline at ELETTRA as a tool for fast time resolved
studies in the nanometer-scale, predavanje
Gianni, R.; Miani, M.; Nevyjel, M.; Delben, F.; Liut,
G.; Rizzo, R.; Bernstorff, S.; Dubcek, P.; Amenitsch,
H. SAXS investigation of native and modified
polysaccharides, poster
XXIV. INTERNATIONAL CONFERENCE ON
PHENOMENA IN IONIZED GASES
Varšava, Poljska, 11.7.-16.7.1999.
 F 	 ?"
Prilozi:
	 ?" '	 0"  3	 9")"  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collisions between laser-produced plasmas
generated in a capillary and on a solid target behind
the capillary, poster.
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	 0"  3	 9")" <	
T.; Gracin, D.  Spectral line ratios in laterally colliding
boron-nitride plasmas, poster.
14th INTERNATIONAL SYMPOSIUM ON PLASMA
CHEMISTRY
-	 K, #5 *	 ="H"I"H"DCCC"
Prilog:
 *,	 " 	 )" '	 0" 	 ?"
Kunze, H.-J. Diagnostics of stable wire corona
generated by small Z-Pinch, poster.
NREL "RENEWABLE ENERGY ACADEMIC
PARTNERSHIP (REAP)"
Baton Rouge, SAD, 8.8.-13.8.1999.
Prilog:
Sunda-Meya, A.; Gracin, D.; Dutta, J.M.; Nemanich,
R.J. Structural ordering of a-Si:H thin films by laser
annealing, predavanje.
VIIIth EUROPEAN CONFERENCE ON THE
SPECTROSCOPY OF BIOLOGICAL MOLECULES,
Twente, Nizozemska, 29.8.–2.9.1999.
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' 1,	 " * 55
characterization of mushrooms, predavanje.
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A. Recent progress in corrosion resistant amorphous
alloys, poster.
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11th INTERNATIONAL CONFERENCE ON THIN
FILMS
Can Cun, Meksiko, 30.8.-3.9.1999.
Prilozi:
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Si1-xCx:H Thin Films by Vibrational Spectroscopy and
Nuclear Methods, predavanje.
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amorphous Al-W thin films upon heating, poster.
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A.; Pivac, B.; Meinardi, F. Structure and mechanical
properties of disordered W-C alloys, poster.
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transformation in mixtures of cationic and anionic
surfactants, poster.
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aluminum-tungsten amorphous alloys in the artificial
saliva, poster.




Rappolt, M.; Amenitsch, H.; Bernstorff, S.; Dubcek,
P.; Kriechbaum, M.; Menk, R.; Pabst, G.; Laggner, P.
Austrian small angle X-ray scattering (SAXS)
beamline at ELETTRA, poster.
THE AMERICAN PHYSICAL SOCIETY MEETING
Chapel Hill, SAD, 7.11.-9.11.1999.
Sudionik:Gracin, D.
Prilog:
Dutta, J.M.; Vlahovic, B.; Borjanovic, V.; Gracin, D.;
Nemanich, R.J.; Ware, M.E.; Alexon, D.; Litvienko,
V.; Pinayev I.; Howard, S.: Investigation of
photovoltaic and thermophotovoltaic semiconductors,
predavanje.
7th ELETTRA USERS MEETING
Trst, Italija, 29.11.-30.11.1999.
Prilozi:
Bernstorff, S.; Dubcek, P.; Carrara, S.; Nicolini, C.;
Paternolli, C.; Erokhin, V.; Paddeu, S.; Valkova L.
Small-angle X-ray synchrotron study  of structural
reorganization  in phthalocyanine containing
Langmuir-Blodgett superlattices, poster
Gianni, R.; Miani, M:; Nevyjel, M.; Delben, F.; Liut,
G.; Rizzo R.; Bernstorff, S.; Dubcek P.; Amenitsch H.
SAXS Studies of Native and Modified
Polysaccharides, poster
DRUGI ZNANSTVENI SASTANAK HRVATSKOG
FIZIKALNOG DRUŠTVA,
Zagreb, Hrvatska, 1.12.–3.12.1999.
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tanki filmovi, poster.
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kristalima, poster.
Desnica, U.V. Defekti s dubokim nivoima i foto-
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Deicher, M. Defekti i granice dopiranja: Ju kao donor
u CdS, poster.
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filamenata generirana u laser-materija interakciji,
poster.
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filmovi slitina aluminija i volframa, predavanje.
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nanofaznim slojevima, poster.
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Elektrofonski zvukovi i VLF elektromagnetsko
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phosphate glasses for vitrifying stimulated
nuclear wastes, International Atomic Energy







Z. Crnjak-Orel. Institut za kemiju, Ljubljana,
Slovenija, 17.10.-20.10.1999.












Tel: ++385 1 4680-220, fax: ++385 1 4680-114
Ustroj Zavoda:
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Grupa za optoelektroniku i hipermedijske sustave, dr. sc. Karolj Skala, voditelj grupe
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PROCESS MODELLING BY INTELLIGENT COMPUTER
SYSTEMS
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Poticajni projekt znanstvenih novaka i asistenata u okviru teme:
-       
  
projekta: dr.sc. Tomislav Šmuc
Program rada:
Program polazi od temeljnih ciljeva znanosti i tehnologije definiranih u Nacionalnom
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radnu podlogu za napredno modeliranje procesa.
Research programme:
The research programme pursues fundamental science and technology goals as defined in the
Croatian National Science and Research Program (NZIP), with particular emphasis on supporting the
progressive development of highly productive economy, capable of generating, accepting and
diffusing scientific and technological innovations. The programme strives to investigate and develop
modelling, optimisation and automated diagnostic procedures of technical processes by intelligent
computer systems. Along with the effective economy support, the programme is consistent with the
priority research topics listed in the NZIP by directly contributing to the development and application of
the information and communication technologies. Prerequisites for optimal process modelling are first-
rate primary signal processing methods that build upon the classical deterministic and stochastic
techniques, and aspire to enhance these methods by employing artificial neural networks and genetic
algorithms. The presumption on probabilistic features of signals includes inherent process
characteristics and all perturbations in its amplitude (energy) and time domain. Process model
construction will be based on automated inductive procedures that discover relations within the
measured or simulated data sets. Automated model-based reasoning will continue to employ symbolic
logic and theorem proving methods, augmented with fuzzy variables, uncertainty measures,
probabilistic causal networks and case-based reasoning.
Special attention will be paid to contemporary adaptive modelling of 3D visual user interfaces. The
visual interface must encompass various cognition paradigms employed in human multifaceted
information processing, including perception, storage, transformation and utilisation of information
from the environment.
It is expected that the research on this programme will generate several refined and new optimisation,
predictive and diagnostic procedures, as well as new computer architectures that support advanced
embedded process modelling.
AUTOMATIZIRANO RASUÐIVANJE U MODELIRANJU, OPTIMIZACIJI I
  !"#$" %& !
AUTOMATED REASONING IN MODELLlNG, OPTIMISATION AND
DIAGNOSTICS OF TECHNICAL PROCESSES





Tel: ++385 1 4680-220, e-mail: nikola.bogunovic@irb.hr
Suradnici na temi:
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Tomislav Šmuc, doktor elektroteh. znanosti, viši asistent
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sustava za mjerenje protoka koji se zasniva na raspodijeljenim komponentama te postupcima
instaliranja i komunikacije u okviru modela distribuiranih komponenta.
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U primjenama modeliranja procesa s ciljem njihove optimizacije i dijagnostike, napravljena je osnovna
verzija evolucijskog programa za rješavanje Steiner-ovog optimizacijskog problema u grafovima.
Napravljen je niz testova na poznatoj biblioteci problema.
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efikasnosti algoritama.
Research programme and results:
The research covered by the grant, within the process modelling environment research area, has
resulted in extending the reactive visual programming to the (re)configuration of heterogeneous
distributed instrumentation systems that follow data-flow processing paradigm. We have investigated
the possibilities of partitioning the measurement system functions into services that could be
implemented as separate server components shareable and relocatable across the network. A flow
measurement system model, based on distributed components and a remote mechanism of the
distributed component object model, has been developed and realized.
In the framework of automated inductive model building, research has been concentrated on the
problems of relevance, noise detection, and syntesis of high reliability rules. The ILLM (Inductive
Learning by Logic Minimisation) system has been improved and upgraded so that it can efficiently
handle huge data sets with erroneous examples. Experimental evaluation was performed mostly on
atherosclerotic coronary heart disease problem.
The research on automated, model-based reasoning (with particular attention to uncertainty
management), has resulted in empirically established domain dependencies of reasoning strategies.
Sources of inconsistent uncertainty management in deductive automated reasoning have been
investigated and identified. A new, sound deductive reasoning procedure with uncertainty
management has been proposed and applied to technical-system diagnosis.
Analysis and development of new optimisation techniques, employed for specific technical processes,
have resulted with a basic version of the evolutionary algorithm for the solution of the Steiner
optimization problem in networks. The algorithm was extensively tested on the suite of well known
sparse graph problems.
A supplemental project objective was to study new developments in the field of metaheuristic
optimisation techniques, both from the theoretical viewpoint as well as through their applications. The
emphasis was on search control mechanisms and their relations to convergency speed.
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Nastavljen je rad na usporednoj analizi svojstava naprednih metoda u obradi i klasifikaciji signala
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na metalima induciranih nanosekundnim laserskim impulsima. Prikazana je jedna vrlo efikasna, sa
stanovišta brzine pristupa i kapaciteta, podatkovna struktura za pohranu velike baze podataka
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DELAF, vrlo velikog kapaciteta.
Research programme and results:
The research covered by the grant is two side oriented: measurement and analysis of stochastic
signal parameters as well as processing of 1D and 2D stochastic signals for optimization;
improvement of methods of stochastic processes analysis as well as improvement of algorithms for
analysis of data (trie) structures.
Work has proceeded on comparative characteristic analysis of advanced methods in signal (time
series) processing and classification: classic optimal processing methods, morphological
transformation (filtering), wavelet transformation, artificial neural networks for signal processing, as
well as application of chaos theory and fractal geometry in signal processing.
Based on the analysis of the resolution of electronic (optoelectronic) measurements of short time
intervals, estimation of the accuracy of measurement data in laser pulsed time-of-flight measurement
system was done. The single-shot time resolution of 40 ps was obtained, while the resolution was
improved to 10 ps by the averaging of 100 measurements. Using the time analysis methods reliability
of input synchronizers in digital logic circuits was estimated.
Analysis of 2D and 3D structures (fluid dynamics) obtained in interaction of high power nanosecond
pulsed laser beam with metal, was completed.
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Very efficient, in terms of space and access speed, data structure for storing huge natural language
data sets, was presented. Structure was used to store DELAF, a huge French lexicon with syntactical,
grammatical and lexical information associated with each word.
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optimiranje signala maskiranih šumom. Stvoreni su osnovi fleksibilne konfiguracije algoritama za prag
diskriminacije nad originalnim spektrom, te autokorelacijska procjena signala.
Research programme and results:
Research in 3D-hypermedia interfaces in real time, with user adaptability, was performed. Dynamical
algorithms and visual parameters in computer-net environment have been defined. Visual interfaces
employing interactive database of documents have been realised.
Research on fire processing resulted in modelling and defining visual interface for fire effects in real
time. The method of multispectral detection of stochastic radiation source has been developed. The
parameters of detection system with spectral and space discretisation are analysed and selected in
order to obtain the highest delectability of stochastic radiation source within n channel spectral
distribution, which is discrete in the same number of matrix and space detection planes. The
parameter extraction procedure of stochastic source, using optimal components in time and space
domain has been completed. A flexible fire detection system based on the integration of model and
detection algorithms has been developed. This gives the possibility for theoretical and practical
optimisation of signals masked in noise. Groundwork of flexible algorithm configuration for
discrimination level above original spectrum and autocorrelation signal estimation has been defined.
Poticajni projekt u okviru teme:
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OPTIMIZACIJSKIM PROBLEMIMA
EFFICIENCY OF METAHEURISTIC METHODS IN APPLICATION TO REAL-WORLD
OPTIMIZATION PROBLEMS
Nositelj projekta: dr. sc. Tomislav Šmuc
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for reduction of computational complexity in bayesian
networks, predavanje.
16th IEEE INSTRUMENTATION AND
MEASUREMENT CONFERENCE IMTC'99, 2nd




Sudionica: Medved Rogina, B.
Prilog:
Medved Rogina, B.: The accuracy of time-of-flight
measurement data analysis, predavanje.
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1999 IEEE WORKSHOP ON DESIGN, TEST AND
APPLICATIONS WDTA'99
Dubrovnik, Hrvatska, 14.6.-16.6.1999.
Sudionica: Medved Rogina, B.
Prilog:
Medved Rogina, B.: Various approaches to testing







)& 6  "   )  : D>
algorithm for steiner tree optimization, predavanje
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rules of increased reliability for critical medical
applications, poster
INTERNATIONAL SYMPOSIUM ELECTRONICS IN
MARINE ELMAR 99
Zadar, Hrvatska, 23.6.-25.6.1999.
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PATTERN MATCHING
Warwick, Velika Britanija, 22.7.-24.7.1999.
Sudionik: Ristov, S.
Prilog:
Ristov, S., Laporte, E.: Ziv Lempel compression of
huge natural language data tries using suffix arrays,
predavanje.
INTERNATIONAL CONFERENCE: ON
MATHEMATICS AND COMPUTATION, REACTOR





Šmuc, T., de Leege, P.F.A., Kloosterman, J.L.:
Demonstration of the compact depletion models for
burnup calculations, poster
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Zagreb, Hrvatska, 1.12.-3.12.1999.
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STRUCTURE AND DYNAMICS OF SYNTHETIC AND
BIOLOGICAL SUBSTANCES
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varijacijske teorije prijelaznog stanja testirana je na manjim molekulama, a pokazala se pouzdana za
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An interdesciplinary approach has been used in the study of correlation of molecular structure and
dynamics and molecular properties. A large variety of new substances have been synthesised
including supramolecular, inorganic and organic compounds and metal complexes as well. Particular
attention was drawn to the preparation of palladium(II) complexes with organic ligands which exhibited
in vitro antitumor activities. Some proteins have been isolated in order to study their structures and
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functions. Studies of molecular dynamics of synthetic and biological polymers e.g. lipoproteins, led to
valuable results related to their physico-chemical properties. For molecular structure determination,
various spectroscopic methods have been applied: photoelectronic, NMR, EPR, DMER, IR-FT, PFS,
and mass spectrometry; X-ray structure analysis has been used to unambiguously determine the
molecular and crystal structure of the compounds studied. New experimental and theoretical methods
focused on structural characterisation and molecular dynamics of novel and classical compounds
have been developed. The knowledge gained is essential in a search for applications of these
substances.
Investigations of crystal lattice dynamics of magnetic, ferroelectric and other systems have been
performed. The isotope replacement in KH2PO4/KD2PO4 system was studied by EPR spectroscopy
and modelling. Monte-Carlo procedure was used to calculate the model for paramagnetic probe
incorporated into a ferroelectric lattice. The molecular probes used in dynamics studies by EPR and
NMR methods on synthetical polymers and biopolymers exhibit system properties that determine their
application modes. An influence of morphology and dynamics on the properties of polymers,
copolymers, polymer networks, particularlly on the formation of nanodomens and oriented domens
was studied.
Kinetic and reaction mechanisms of free radicals and excited states of amino acid oxydation by
radiolytic and photochemical methods were investigated.
The state of the art in studies of surfactants and their behaviour in various media influenced by weak
intermolecular forces, particularlly selfaggregation of these amphiphilic molecules are in progress.
Formation, destruction and transport of ozone and photooxidants in Croatia and some locations of
Mediterranean and Europe were studied. Methods of analysis of trace constituents in air together with
statistical and computer evaluation of data in relation to meteorological data and high altitude and
remote transport were applied.
The experimental results obtained have been extended by theoretical procedures based on great
possibilities of computational chemistry and extensive data bases in order to establish structure-
activity correlation (QSAR) for various groups of compounds, and to understand the mechanism of
chemical reactions at the atomic and molecular levels. QSPR/QSAR models based on the vertex- and
edge connectivity indices are developed and tested. The range of the application conjugated-circuit
model was examined. Useful theoretical models describing various molecular properties have been
established. Very successful theoretical studies of isotope effects of the planar molecules were carried
out. Computer modelling has been  applied in the molecular recognition approach in order to
understand the chemical reactivity of pollutants, particularly atmospheric, and various biological
systems. Considerable advancement in the area of bioinfomatics was achieved: predictions of
secondary protein structure (protein folding), modelling of interaction between DNA and proteins, and
modelling of enzyme mechanisms (docking procedure). The reaction of hydroxyl radical with ethane,
fluoroethane and chloroethane have been studied by quantum-chemical methods. The variation theory
of a transition state was tested on small molecules but it is reliable for determination of the reaction
rate constants for large hydrocarbon molecules. Chemical graph theory has been used to define
different classes of molecules or their aggregates.
In the field of history of chemistry significant events related to the activities of some prominent
Croatian chemists were described and published.
The members of the Physical Chemistry Department have developed a fruitful international scientific
co-operation with many universities and research institutes, which has resulted in a number of joint
publications.
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COMPOSITION, PROPERTIES AND DYNAMICS OF GASEOUS
SYSTEMS
Voditelj teme: dr. sc. Tomislav Cvitaš
Tel: ++385 1 46 80 232 e-mail: cvitas@joker.irb.hr
Suradnici na temi:
Tomislav Cvitaš, doktor kem. znanosti, znanstveni savjetnik
/  #

   
 
106
Nenad Kezele, magistar kem. znanosti, asistent, znanstveni novak
/
 3   
    
  1 ;<;=>>>2
6 /
   




, &  -%
Suradnica iz druge ustanove:
 $    
    $!  ? 0-
Washington, SAD
Program rada i rezultati na temi:
 (  
  
    -  ! 
  !  
% % '+     -

 1 32    1 /52 ,    % 
%    




,(   
   
  !  
  '
0
5   
  
   %  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1. Glavni doprinos prizemnom ozonu na Jadranu je sa zapada (Italija).
2. Višegodišnje stanje troposferskog ozona u blizini Zagreba.
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Research programme and results:
The programme involves investigation of trace constituents of air, their properties, transformation and
transport in the atmosphere over the different regions of Croatia: continental remote regions (e.g.
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investigated for compounds that enter the atmosphere and contribute in air - soil and air - water
exchange.
Formation, destruction and transport of ozone and photooxidants in different locations in Croatia have
been investigated. Methods of analysis of trace constituents of air were worked out, together with
computer and statistical method of analysis and interpretation of measurements in relation with
meteorological data, and high altitude and remote transport.
Reactions of metal ions with polycyclic aromatic hydrocarbons and/or their heterocyclic analogues in
gaseous phase have been investigated.
Main achievements:
1. Main contribution to the boundary layer ozone over the Adriatic sea is from the west (Italy).
2. Many year monitoring of tropospheric ozone in the Zagreb area.
3. Synthesis of metallic ion complexes with polycyclic aromatic hydrocarbons and/or their heterocyclic
analogues in gaseous phase.
4. Mass spectra and structural determination of complex natural compounds and polymers.
Poticajni projekti u okviru teme:
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VOLATILE ORGANIC HYDROCARBONS IN THE LOWER TROPOSPHERE IN ADRIATIC
REGION OF CROATIA
Nositelj projekta: mr. sc. Nenad Kezele
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REAKCIJE METALNIH IONA I ELEKTRONA PROIZVEDENIH LASEROM S
POLIHALOGENIRANIM ORGANSKIM MOLEKULAMA
REACTION OF LASER PRODUCED METAL IONS AND ELECTRONS WITH
POLYHALOGENATED ORGANIC MOLECULES
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INVESTIGATION OF HOMOGENEOUS AND HETEROGENEOUS
SYSTEMS
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Tel: ++385 1 45 61 074 e-mail: filipovic@rudjer.irb.hr
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Suradnice iz drugih ustanova:
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Helga Füredi-Milhofer, doktorica kem. znanosti, znanstvena savjetnica, Casali Institute of Applied
Chemistry, Jeruzalem, Izrael
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prirodi na novim i jednostavnijim modelnim sustavima. Rezultati su razvrstani prema osnovnim
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anionima. Studirana je jedoelektronska redukcija selenometionin oksida koja vodi do stvaranja
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intermedijerima centriranim na atomu sumpora.
Ad(ii) (a) samoorganiziranjem u smjesama anionsko/kationskih i kationsko/kationskih PAT nastaje niz
mikrostruktura (miješani monosloj, miješane micele, vezikule, kristali) kao posljedica kompeticije
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Nastajanje i stabilnost pojedinih mikrostruktura najviše ovise o geometrijskom faktoru pakiranja i
   5  : $  
 
otopine procijenjen je opseg neidealnog miješanja u miješanom monosloju i u miješanim micelama.
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i na biljnom tkivu s vodom kao mobilnom fazom, 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pokretljivosti metala u biljkama in vivo.
Research programme and results:
Investigations of processes and mechanisms of interactions between ions, molecules, free radicals
and molecules in excited states in homogeneous and heterogeneous systems have been continuated.
The main research topics are: (i) investigations of physical and chemical properties, kinetics and
reaction mechanisms of free radicals and excited states; (ii) investigations of systems with surfactants
comprise (a) supramolecular selforganization in surfactant aqueous solutions, (b) surfactant
adsorption at interfaces, (c) formation and aging of biominerals in surfactant aqueous solutions; and
(iii) investigation of metal states in nature using  new simplified models. According to the main areas of
interest  the following results were obtained: Ad(i) Mechanism and kinetics of amino acid oxidation by
means of radiolytic and photochemical methods were investigated. Glycine, alanine and methylalanine
derived aminyl radicals are characterized and identified as relevant intermediates. Kinetics of the
reactions between organic sulfide radical cations and O2 and CO2 radical anions were determined.
It was demonstrated that one-electron reduction of selenomethionine oxide leads to the formation of
selenium-nitrogen three-electron bonded species. A review on sulfur-centered reactive intermediates
was published. Ad(ii) (a) Competition between various molecular interactions (van der Waals,
hydrophobic, electrostatic, hydration forces, etc.) may result in a variety of microstructures (mixed
monolayers, mixed micelles, mixed vesicles, catanionic crystals). The formation and stability of
different microstructures were discussed in terms of surfactant molecular packing constraints and
electrostatic interactions in the headgroup region. The regular solution theory was used for evaluating
the non-ideal interactions between surfactant molecules in mixed monolayer and mixed micelles.
Structural and thermal properties of catanionic crystals depend on the length and symmetry of
hydrophobic parts and electrostatic interactions between hydrophilic parts of surfactant molecules at
the bilayer surface. (b and c) Adsorption of anionic and cationic model surfactants at the
crystal/solution interfaces inhibits the transformation to the most stable phase. Differences in
adsorption and rate of transformation originate from different molecular and ionic structures of crystal
surfaces and interactions between solid surface and surfactant headgroups. The controversy about
the precipitation of tricalcium phosphate which is a constituent of urinary calculi, was investigated and
discussed. Ad(iii) Investigation of the metals mobility on paper impregnated with model compounds
related to lignin structure and wood slices with water as developer exhibited compatibility with results
obtained in in vivo experiments.
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Poticajni projekt u okviru teme:
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DONORIMA ELEKTRONA
INVETIGATION OF FINAL PRODUCTS IN REACTIONS OF PEROXYL RADICALS WITH
ELECTRON DONORS
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REAKTIVNOST I REAKCIJSKI MEHANIZMI
REACTIVITY AND REACTION MECHANISMS
Voditelj teme: dr. sc. Leo Klasinc
Tel: ++ 385 1 46 80 096 e-mail: klasinc@joker.irb.hr
Suradnici na temi:
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Leo Klasinc, doktor kem. znanosti, znanstveni savjetnik
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Zagreb
Igor Novak, doktor kem. znanosti, viši znanstveni suradnik, National University of Singapore,
Singapore
Program rada i rezultati na temi:
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2. oksidacije lipida s ozonom u prisutnosti dušikovih oksida;
3. raspada ozona na praškastim materijalima;
110
4. nastajanja, raspada i transporta ozona u prizemnoj atmosferi na odabranim lokacijama u Hrvatskoj i
drugim dijelovima Europe.
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mono i bisoksazolina te biološki aktivnih steroida.
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Research programme and results:
The theme deals with homogeneous chemical reactions with an unknown reaction mechanism in liquid
and gaseous phase and heterogeneous reactions in gas/solid and gas/liquid phases which are very
important for biological activity, chemical production and environment research. For many important
chemical reactions which take place in different phases the same mechanism is supposed on the
basis of kinetic and thermodynamic parameters. Usually, this mechanism is a series of many steps,
elementary chemical reactions, and only a few of them are consequence of intrinsic reactivity, while
the others depend on reaction conditions. The main aim is to find to which extent a reaction can be
governed by changing conditions; in other words, which part depends exclusively on reactants.
Within this project following problems are investigated:
Kinetics and mechanism of selected reacions
Development of spectroscopic and computer methods for time dependent processes and for the
determination of electronic structure and reactivity
A. Following reactions kinetics and mechanisms were investigated:
1. Reactions of metallic ions with polycyclic aromatic hydrocarbons and/or their heterocyclic analogues
in gaseous phase and possibility of kinetic parameters determination.
2. Lipid oxidation with ozone and nitrogen oxides.
3. Degradation of ozone on different surfaces.
4. Formation, degradation and transportation of ozone in boundary layer atmosphere on selected
locations in Croatia and other parts of Europe.
B.Following methods were developed:
Using photoelectron spectroscopy and quantum chemical calculations electronic structure of o,o-
bridged biphenyls by 2-X-propylene (X= O, SO, S, NCH3) chains, mono and bisoxazolines and
some biologically active steroids has been determined
A method for determination of reaction rate constants in Fourier transform mass spectrometry has
been proposed
It has been shown that the measuring of average time-dependent profile for the polarization cycle of a
modulated light beam enables one to simultaneously derive absorbance, linear and circular
dichroism. Based on a semi-classical treatment of light/matter interactions, a three parameter fit
function derived for various types of uniformly oriented, partially oriented and isotropic materials,
and combinations of them.
Results are published in scientific journals with international review quoted in Current Contents. Some
articles (under the mark 4) are published in books from international scientific meetings.
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Suradnici na temi:
Slobodan Bosanac, doktor fiz. znanosti, znanstveni savjetnik
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Program rada i rezultati na temi:
Metoda perturbacije niskog ranga (LRP) primjenjena je na izotopni efekt kod molekularnih vibracija te
je posebno razmatran izotopni efekt kod planarnih molekula. Metoda je provjerena na deuteriranim
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koeficijenata prijenosa energije u plinovima kao i za koeficijent brzine kemijske reakcije, pri tome je
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varijacijskom teorijom prijelaznog stanja na [G2(MP2)//MP2/6-31G(d,p)]/SCT nivou teorije. PM3
Hamiltonijan je reparametriziran da se dobije pouzdana semiempirijska potencijalna ploha za reakciju
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brzina reakcija abstrakcije vodika kod fluoroetana i kloroetana. Temperaturna ovisnost reakcijskih
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Research programme and results:
The Low Rank Perturbation (LPR) method is derived to calculate out-of-plane frequencies of planar
molecules. The method is applied to all deuterated ethylenes. Out of plane frequencies of deuterated
ethylenes are in excellent agreement with calculated values and standard error is only 192.2 cm .
The LPR method is also generalized to the SCF approach. The SCF LRP method can be applied to
those problems where the rank of the perturbation is relatively small. In particular, it can be applied to
localized perturbations, where only a few perturbation matrix elements are nonzero. Such are, for
example, substitution of an atom in a molecule by a heteroatom, formation or breaking of a chemical
bond, etc. A method for calculating state-to-state rotational three-dimensional (3D) total cross sections
from two-dimensional (2D) close-coupled equations is described. The idea is to replace the S-matrices
in the 3D cross sections by those obtained from the 2D calculations. The correctness of the
approximation is proved from the quantum 3D hard shape model. Classical trajectory calculations are
performed for very high collision energy (0.2 eV) and compared with the proposed method showing
satisfactory agreement. The accuracy of the method is checked on a few examples by comparing the
results with the standard close-coupling calculations and classical trajectories. The method is a
powerful tool for studying systems in which a large amount of energy is transferred between
translation of atoms and rotations of molecules. The dynamics of hydroxyl radical reactions with
ethane, fluoroethane, and chloroethane have been examined in terms of variational transition state
theory augmented with multidimensional semi-classical tunneling corrections. Interpolated Variational
Transition State Theory is used to calculate reaction rate constants at the [G2(MP2)//MP2/6-
112
31G(d,p)]/SCT level of theory. The standard PM3 Hamiltonian is re-parameterized to obtain reliable
semi-empirical potential energy surfaces for the reaction of ethane with the OH radical. The specific
reaction parameters (SRP) so obtained are then used to predict the reaction rate constants for the
fluoroethane and chloroethane abstraction reactions. The temperature dependence of the rate
constants calculated at the [G2(MP2)//MP2/6-31G(d,p)///PM3-SRP]/OMT level of theory are
compared with those of experiment and are found to be in very good agreement. It was demonstrated
that the specific reaction parameters can be used for analogous reactions of the same mechanism,
implying a general reaction parameter set (GRP) for related molecules. Thus, it seems that the
reaction rates for larger hydrocarbons (that are of interest in atmospheric and combustion chemistry)
can be obtained reliably at low computational cost.
Poticajni projekti u okviru teme:
LASERSKA KONTROLA REAKCIJE PRIJENOSA VODIKA
LASER CONTROL OF HYDROGEN TRANSFER REACTIONS
 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MEHANIZMI RAZGRADNJE UGLJIKOVODIKA U TROPOSFERI
MECHANISMS OF TROPOSPHERIC DEGRADATION OF HYDROCARBONS
Nositeljica projekta: dr. sc. Sanja Sekušak
RAZVOJ I PRIMJENA MODELA U KEMIJI
DEVELOPMENT AND APPLICATION OF MODELS IN CHEMISTRY
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Program rada i rezultati na temi:
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Razvijen je potupak za djelotvornu uporabu QSPR/QSAR modela. Primjena tog modela pokazala je
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toroidalne geometrije dade dobro opisati trojkom vlastitih vektora matrice susjedstva gdje je trojka
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Research programme and results:
Modelling is the basic method in natural sciences. Advances in chemistry are characterized by the
development and applications of models. Our research is based on these principles. The following
results are obtained. We developed a model for efficient use of QSPR/QSAR. Application of this
model has revealed in a number of examples that this model is even better than the models based on
neural networks for predicting physical, chemical and biological properties of molecules. Testing of this
model is continued. Novel carbon clusters have been studied and it has been found that the geometry
of toroidal carbon cages can be well described by a triple of eigenvectors (of the adjacency matrix of
the related graph) where the triple is defined by the second, third and the k-th eigenvector, where the
choice of k depends on n. We also studied the use of resistance distances for predicting complexity of
molecules. Studies are continued on fullerenes and other polyhedral cages. We studied properties of
some molecular descriptors, their use in QSPR/QSAR modelling and for predicting complexity of
various classes of molecules. Minerals containing iron and/or magnesium, found in the estuary of river
Krka, are analyzed. Several persons and incidents from the past of Croatian chemistry are
researched.
Poticajni projekti u okviru teme:
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PREDICTING THE STRUCTURE OF PROTEINS AND BIOLOGICALLY ACTIVE
COMPOUNDS
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STRUKTURA I BIOAKTIVNOST ORGANSKIH I ORGANOMETALNIH
SPOJEVA
STRUCTURE AND BIOACTIVITY OF ORGANIC AND
ORGANOMETALLIC COMPOUNDS
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Henrika Meider, doktorica kem. znanosti, znanstvena savjetnica u mirovini
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strukturnim i biološkim svojstvima. Posebna pozornost usmjerena je na ispitivanje interakcija alkalnih
1 2  
- 1 2       (  

        1 !!-  % 2
,( - 
 
  5 -   -  -
 # -  - (    - -
  !
%-  
%-    -   
Pripravljeni su i ispitivani novi biološki aktivni kompleksi paladija(II) s mono- i dialkil esterima
kinolilmetilfosfonskih kiselina. Provedena su spektroskopska (IR, 1H i 13C NMR, UV-VIS, FAB-MS) i
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antitumorsku aktivnost no ne i antivirusno djelovanje. Na osnovi dobivenih rezultata razmatrana je
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benzenazoanilinofosfonatima, te platine(II) s kinolilmetilfosfonatima. Opisana je priprava,
spektroskopska svojstva, te kristalna i molekulska struktura dikloroplatina(II) kompleksa dietil 8-
kinolilmetilfosfonata.
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membrane. Opisana je kristalna i molekulska struktura amonijevog i kalijevog heksafluorofosfatnog
kompleksa polietera dibenzo-30-kruna-10. Ispitivane su promjene konformacije polieterskog prstena
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QSPR/QSAR modeliranju molekulskih svojstava i napose u modeliranju van der Waalsovih površina
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Research programme and results:
The research programme comprises investigations of the novel organic and metallo-organic
compounds with specific structural and biological properties. Special attention is directed to the study
of interactions of alkali (sodium, potassium) and transition (palladium, platinum) metals with various
organic ligands which can be used as models for biological and biologically active molecules
(derivatives of aminophosphonic acids, macrocyclic compounds). The investigations include
preparation, characterization, and determination of structural and biological properties of these
compounds. A combination of experimental and theoretical investigations is applied to determine the
influence of certain structural parameters and physicochemical properties of various types of
compounds on their biological activity.
A number of new biologically active palladium(II) complexes of mono- and dialkyl esters of
quinolylmethylphosphonic acids  have been prepared and investigated. To identify and characterize
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the free ligands and their complexes as well as to investigate the stability of the complexes in
solutions, gas and solid phases, different spectral (IR, 1H and 13C NMR, UV-VIS, FAB-MS) and
thermal (TG, DTA) studies were carried out. Antitumor activity of the complexes have been tested on
various human and animal tumor cell lines, as well as in vitro antiviral activity of complexes in different
assay systems, comprising a broad spectrum of DNA and RNA viruses. Most of the complexes
exibited antitumor activity, but not specific antiviral effects. On the basis of the obtained results, the
influence of the physicochemical and structural properties of the palladium complexes to their
biological activity was discussed. Biological screenings were carried out in cooperation with the
Institutes for biomedical investigations in Italy (Trieste) and Belgium (Leuven). Investigations of
palladium(II) complexes of monoalkyl benzeneazoanilinophosphonates and platinum(II) complexes of
quinolylmethylphosphonates have been initiated. The preparation and spectral properties as well as
crystal and molecular structure of dichloroplatinum(II) complex of diethyl 8-quinolylmethylphosphonate
were described.
The studies of alkali metal complexes with crown ethers, which are used as good model systems for
examination of the selective alkali ion transport through biological membranes, have been continued.
The crystal and molecular structure of ammonium and potassium hexafluorophosphate complexes of
dibenzo-30-crown-10 were determined. It was shown that the conformation changes observed in the
coordinated macrocyclic ring are influenced by the size and ionic character of the metal ion, and by
the flexibility and cavity size of the macrocycle.
The nonempirical molecular descriptor R´/R was investigated. The R´/R index is used as a predictor
variable in QSPR/QSAR studies of a number of molecular properties, and in particular in modelling
van der Waals areas of hydrocarbons. A novel efficient algorithm for calculation of the R´/R molecular
descriptor has been put forward.
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spektroskopije kao i primjenom bioloških testova, prati se odnos molekularne strukture i ponašanja
biološki aktivnih spojeva i njihovih analoga. Prepoznavanje biološki aktivnih molekula (molecular
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doprinos razumijevanju bioloških procesa na molekularnoj razini. Detaljno poznavanje molekularne
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konformacijskih promjena molekula i vezivanja supstrata u aktivno mjesto receptora. Sustavno se
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strukturne studije dikloriranih kao i alkiliranih derivata biljnog hormona rasta auksina (indol-3-octene
kiseline, IAA). Topološkom analizom aktivnog mjesta proteinskog receptora (ABP) i supstratnog
analoga 5,6-CR2-IAA objašnjena je visoka biološka aktivnost. Ab inito %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su i neke fizikalno-kemijske odlike tih spojeva, npr. lipofilnost, koje se rabe u analizi odnosa strukture i
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je i kemijski karakterizirana ekstracelularna lipaza iz Streptomyces rimosus bakterije. U okviru
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podataka o enantioselektivnosti Pseudomonas cepacia lipaze prema nekim primarnim i sekundarnim
alkoholima, izvedeno je modeliranje u aktivnom mjestu enzima. QSAR analizom korištenjem
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kompleksa DNK-protein odvija se u okviru suradnje s grupom za bioinformatiku u EMBL-u, Heidelberg.
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podaci pohranjeni u Cambridge Structural Database i Nucleic Acid Database na temelju, kojih su
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kristalne strukture aminokiselinskih derivata kaliks4arena s osvrtom na njihove stereokemijske
osobitosti. Za potrebe zdravstvenih ustanova i bolnica obavlja se karakterizacija biominerala.
Research programme and results:
In structure-activity relationship studies of biologically active molecules and their analogues, X-ray
diffraction analysis, computational chemistry methods, molecular computer graphics, spectroscopic
methods and bioassays have been used. Molecular recognition approach, based on the characteristic
structural parameters, particularly of the active site or bioactive conformations together with physico-
chemical properties of the molecules studied have been used in study of biological processes at the
molecular level. Detailed molecular architecture in the crystalline state and in solution has been used
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to understand chemical and biological reactions of real and model systems. Molecular (computer)
modelling, including methods of molecular dynamics which can simulate experimental conditions
and/or real parameters in vivo, is one of the elements of molecular recognition approach. Molecular
dynamics simulations have been used to study conformational stability and substrate binding to the
active site of a receptor. Systematic analysis of data of auxins and analogues required for QSAR has
been performed. Structural studies of dichlorinated derivatives and alkyl-substituted analogues of plant
growth hormone auxin (indole-3-acetic acid) were completed. By the topological analysis of the protein
receptor (ABP) active site and the substrate analogue 5,6-CR2-IAA high biological activity has been
explained. The conformational anlysis of more active alkylated IAAs, particularly 4-Me-IAA was
performed using ab initio calculations (RHF/6-31G*). Some of physico-chemical properties, such as
lipophylicity, have been used in structure-activity correlations for the auxin class. Using QSPR based
on the calculation of averaged polarizability and principal momenta of inertia of the molecules studied,
relative mass, and van der Waals radii, significant correlations with measured lipophilicities were
established. Electronic properties of IAA derivatives and the effect of substitution on the aromatic
system were studied using UV and 1H NMR spectra. The biological assays using Avena sativa
coleoptiles were performed with the same goal. The conformational analysis in a crystal and in
solution of some opiate related peptides was completed. The cis/trans isomerization of proline in
dipeptide fragment of morphiceptin was studied. The influence of protection groups on peptide
flexibility was studied on the protected dipeptide Boc-Phe-Leu-OBzl, the fragment of enkephalin. The
unique example with seven conformers in the crystal was prepared and it illustrates that rigidity cannot
be reached by introducing the protection groups. The experimental work in this particular case was
very complex.The FTIR spectroscopy and molecular modelling was used to study influence of
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In cooperation with several research teams, investigation on isolation and chemical characterisation of
extracellular lipase from Streptomyces rimosus is completed. In the frame of enzyme activities an
inhibitor-Pseudomonas cepacia lipase complex and its crystals were prepared. The crystal structure of
the protein complex was determined. The experimental data of the enantioselectivity of Pseudomonas
cepacia lipase towards some primary and secondary alcohols was used for computer modelling by
docking into the lipase active site. QSAR based on modified Free-Wilson method and energy binding
analysis (COMBINE 3D-QSAR) interactions of DNA and protein–specific binding of transcription
factors (receptors from the cell nucleus), essential for gene regulation, were studied. The study of
DNK-protein complexes with tetrahedrally bind zinc (‘zinc finger’) has been performed within the frame
of scientific collaboration with the bioinformatic group in EMBL, Heidleberg. The results achieved in
protein crystallography enable the method to be applied for studies of variuos biological systems. The
… interactions and the properties of aromatics (such as pyrenes and diazapyrenes) are studied.
Bond lengths (as a function of one or more variables), bond order, and the contribution of particular
Kekulé resonant structure were studied in details. The results of ab initio calculations confirmed the
appearance of the … interactions in the pyrene adduct. The crystal structures of several novel 4,9-
neutral and charged diazapyrenes were determined and studied in relation to the possibility of their
intercalation into DNA. In all these analyses, in addition to original research data, Cambridge
Structural Database and Nucleic Database have been used to calculate geometrical parameters of
their crystal packing. Above described interdisciplinary approach has been used in chemical design of
novel compounds of predicted properties. These results have been achieved due to the successful
colaboration with some laboratories of our Institute, Research Institute Pliva, and international
cooperation. X-ray structure analysis was successfully used in determination of three-dimensional
structures of novel supramolecular, organic and inorganic compounds. X-ray diffraction methods were
used to determine the crystal structures of amino acid derivatives of calix4arenes with particular
emphasis on their stereochemisrty. For needs of various medical institutions and hospitals the
identification of biominerals has been performed.
Poticajni projekt u okviru teme:
ULOGA AROMATA U (BIO)MOLEKULAMA
FUNCTION OF AROMATIC FRAGMENTS IN (BIO)MOLECULES
Nositelj projekta: dr. sc. Rudolf Kiralj
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geometrije raznih izomera alifatskih alkohola kao i njihove lipofilnosti na lipid-protein interakciju. U
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korelaciji sa zauzimanjem jednakog volumena alkohola u LDL-u.
Research programme and results:
The ESR method combined with the parallel spin labeling of protein and lipid components of
lipoprotein particles have been continuously used to elucidate the surface organization of the human
low density lipoprotein (LDL). In the lipoprotein-alcohol interactions the emphasis is given to the role of
molecular structure/geometry of different aliphatic alcohol isomers as well as their lipophylicity on the
lipid-protein interactions. In addition to the change in protein conformation, the spectral decomposition
of the experimental data revealed a decrease in lipid ordering with the increasing concentration of the
alcohols. This phenomenon for aliphatic alcohols is linearly correlated with the equal volume
occupation of alcohol in LDL.
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RELAXARION PROCESSES OF FERROELECTRICS AND
SUPERCONDUCTORS
Voditelj teme: dr. sc. Boris Rakvin
Tel: ++ 385 1 46 80 194 e-mail: rakvin@rudjer.irb.hr
Suradnici na temi:
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ponašanje probe prilikom izotopne izmjene, to jest u KD2PO4 tipu feroelektrika.
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U siliciju implantiranom ionima Kr+ otkriveno je postojanje amorfne faze u obliku klasterskih struktura.
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filmovima.
Research programme and results:
The project is oriented toward investigation of magnetic and microwave properties of high temperature
superconductors, and crystal lattice dynamics of magnetic, ferroelectric and other model systems.
The Monte Carlo simulation has been employed to describe a model for paramagnetic probe in the
KH2PO4-type ferroelectric. The quality of the model has been examined by predicting behavior of the
probe in the deuterated KD2PO4 lattice.
A detailed analysis of the EPR line-shape was performed on amorphous silicon samples obtained by
Kr+ ion implantation. It was noted that ion implantation caused a cluster structure of the amorphous
phase.
Paramagnetic centers have been studied in different SiOx:N,H films deposited by plasma-enhanced
chemical vapor deposition in a wide composition range. The total dangling-bond concentration is
detected to be proportional to the oxygen content.
Poticajni projekt u okviru teme:
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REZONANCIJA
STUDY OF POLYMERS BY MAGNETIC RESONANCE METHODS
Voditeljica teme: dr. sc. Zorica Veksli
Tel:++385 1 4561 127 e-mail: veksli@rudjer.irb.hr
Suradnici na temi:
Mladen Andreis, doktor kem. znanosti, viši znanstveni suradnik
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diblok kopolimeru s lamelarnom strukturom mikrodomena na prostornu orijentaciju molekula.
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domena.
Research program and results:
The influence of polymer chain structure, dynamics and chain orientation on polymer matrix
morphology were further studied with the aim of basic understanding of the structure-property
relationships at the molecular level. Molecular probe methods that are very sensitive to the structure
and molecular motion of the moiety (ESR, NMR), are applied. The influence of the monomer
composition and copolymer chain microstructure on the dynamical and spatial heterogeneity in
statistical copolymers were established. The spin probe applied in the statistical copolymers of a
similar content of monomer components reveals the formation of different nanodomains as a
consequence of the copolymer sequence distribution. On the basis of deuterium NMR measurements
the influence of crystallization of a selected copolymer in diblock copolymer with the lamellar structure
of microdomains on the spatial orientation of polymer molecules was determined. It was analyzed how
diamagnetic susceptibility alters NMR measurements. Further investigation of the influence of polymer
morphology and dynamics on the properties of different polymers, copolymers and polymer networks,
with the accent on nanodomain and oriented structures will be continued.
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Dame, Notre Dame, Indiana, SAD, od
15.8.1999. postdoktorska specijalizacija, u toku
 #
# ' +/ % $ '!/  !








+5 # ;  R !0 ;  (- 
@#G#@GGE# 5 ! !,  
Bosanac, S. D.: University of Sussex, Brighton,
Velika Britanija, 8.1.-23.1.1999., znanstveno-
 !,  #
 
# 3 R !S!   !!! %>
 !-/  " N@#@#
N@#N#@GGG# 5 ! !,  #
Klasinc, L., Louisiana State University, Baton Rouge,
+ @#N#@E#U#@GGG# 5 ! !,
suradnja
Graovac, A., Central Research Institute for Chemistry
of the Hungarian Academy of Sciences,
-! 
7  P#U#A#U#@GGG# 
u okviru suradnje HAZU i Hungarian Academy of
Sciences
 ! "# -!! % ./ !0 
Biochemistry, University of Sussex, V. Britanija,
@O#U#ND#U#@GGG# 5 ! !,
suradnja
Graovac, A., Inštitut za matematiko i Kemijski Inštitut,
Ljubljana, Slovenija, 15.3.-30.3.1999., boravak u
okviru hrvatsko-slovenske suradnje
$ # R !0 % R!/! -!! %
Crystal and Structural Chemistry, Bijvoet Center
for Biomolecular Research, Utrecht,
Nizozemska, 24.3. 7.4.1999, znanstveno-
 !,  #
Bosanac, S. D.: Harvard University, Cambridge,
Massachussetts, SAD, 3.4.-2.5.1999.,
5 ! !,  #
" +#B "! &   !!! R !0 %
Minnesota, Minnesota, SAD, 27.4.-14.6.1999.,
   5 ! !,
suradnje
Rakvin B.: Institut J. Štefan , Ljubljana, Slovenija,
D#P#A#P#@GGG# 5 ! !,
suradnja.
+ #B 
/ / R !0
Houghton, Michigan, SAD, 4.5.-17.5.1999.,
5 ! !,  #
Graovac, A., Eötvos Lorand University, Budimpešta,

7  G#E#@P#E#@GGG# 5 !
 !,  #
Bosanac, S. D.: ETH, Zürich, Švicarska, 20.8.-
NP#E#@GGG# 5 ! !,  #
Bilinski, H.: Ume University, Ume, Švedska, 30.8.-
UO#G#@GGG# 5 ! !,  #
) +# !  $/0 V  + 
Université Paris-Sud, Orsay, Francuska, 13.9.-
NG#G#@GGG# 5 ! !,  #
Bosanac, S. D.: University of Minas Gerais, Belo
Horizonte, Brazil, 23.9.-17.11.1999.,
5 ! !,  #
 
# 3 R !S!   !!! %>
Kristallographie, Berlin, 2.11.-1.12.1999.,
5 ! !,  #
 +# <- 
 0 !0
-! - ' "
2.11.-31.11.1999., bilateralna suradnja s
"#
 ! "# .! & /  !!! %
Chemistry of the Hungarian Academy of
+  -! 
7  Q#@@#
13.11.1999., 5 ! !,  #
Graovac, A., Inštitut za matematiko i Kemijski Inštitut,
Ljubljana, Slovenija, 20.12.-30.12.1999., boravak
u okviru hrvatsko-slovenske suradnje
Sudjelovanja na kongresima:





+B ! +# ! )# 2 (#
1 # 55 +# 5 "# $ 
  # 
# $ +# ) +# )  *#
Višnjevac, A.
Prilozi:
! )# .! # 5 "#   #B
Prizemni ozon na Jadranu, poster
! )# ;/ 
#B & s-
/   - 
kroma(II), poster
2 (# 1  #   
# )  *#

 #B R! !-   !   !!
gume, poster
Graovac, A.: Fullereni - kako se kemija i matematika
7   -
5 *#  
#  *# ! +#
$ #B " ! 5--
karboksilnih kiselina, poster.
55 +# +5 #   # 565 '#B
$  !/   -  
ciklotronskom rezonancijom, poster
 &# $ # $! # 8 
#B
5   !"  
diazapirenima, poster.
 #   # &5 *# 9 )#  #
2- )#B 3!!   -! /  5 
bisoksazolina, poster
 #   # &5 *# 9 )#B
Elektronska struktura nekih C2 !/ +/%%/
baza, poster
$ +#   #   ?# 
/ .#
+!!! #B !     <+&  -!
katehina, poster
$ # ( 
# 
 (# $ #
8 
#B Vodikove veze u stvaranju
supramolekularnih nakupina retropeptida, poster.
$! )#   
# )  *# (, *# $#B
 -!     !! 
 !! - ! - <+& - !
9 # ) +# / # 1! X#B +!
orijentacijske difuzije homopolimernih lanaca u
126
lamelarnoj strukturi triblok kopolimera deuterijevom
NMR spektroskopijom, poster.
- 
# ) +#B &   
polistiren-polibutadien diblok kopolimeru, poster.






) +#B R  !   -  
lamelarnom strukturom mikrodomena, predavanje
) # $ # 3 # 8 
#B





BCA/CCG 7th INTENSIVE COURSE IN X-RAY
CRYSTALLOGRAPHY
Durham, Velika Britanija, 7.4.-15.4.1999.
Sudionik: Višnjevac, A.
11th INTERNATIONAL SYMPOSIUM
“SPECTROSCOPY IN THEORY AND PRACTICE”
Bled, Slovenija, 11.4.-15.4.1999.
+B 55 +# 5 "#   # $
S.
ONE DAY SYMPOSIUM ON APPLIED
MATHEMATICAL CHEMISTRY
Duluth, SAD, 3.5.1999.
+B " +#  ! "#
Prilozi:
" +#B =+$& B -/ !!0
indices versus line graph connectivity indices,
pozvano predavanje
 ! "#B ; !/ -4!0 %  
pozvano predavanje





5 1#  
# ( # $ +#
Schara, M.: Interakcija alkohola i lipoproteina niske
 ! - !
INTERNATIONAL SCHOOL OF STRUCTURAL
BIOLOGY AND MAGNETIC RESONANCE
"DYNAMICS, STRUCTURE AND FUNCTION IN
BIOLOGICAL MACROMOLECULES"
Erice, Sicilija, Italija, 25.5.-5.6.1999.
Sudionica: Ilakovac-Kveder, M.
Prilog:
Ilakovac-Kveder, M.: The application of EPR
spectroscopy in studying native lipid-protein
complexes on human plasma lipoproteins, poster
THE TREATMENT OF COMPLEX CHEMICAL
SYSTEMS: NEW CONCEPTS IN THEORY AND
EXPERIMENT
 !! " NA#P#NG#P#@GGG#
+B  +#
Prilog:
 +# $ # 9 )#
Enantioselectivity of acylation by Pseudomonas
cepacia lipase –COMBINE analysis, poster
E-MRS'98, SYMPOSIUM J: ION IMPLANTATION




B. Pivac; B. Rakvin; R. Tonini; F. Corni and G.
Ottaviani.: EPR study of He implanted Si, poster.
JOINT VI INTERNATIONAL WORKSHOP,
ELECTRON MAGNETIC RESONANCE OF





Rakvin, B.: Study of relaxation rates of stable
paramagnetic center in -irradiated alanine: Influence
on alanine/ESR dosimeters, pozvano predavanje.
6th INTERNATIONAL SYMPOSIUMON
METALLOMESOGENS
&! ## 3 " @O#@U#Q#@GGG#
+B  )#
Prilog:
 )# 3-) "#B + -/ 




+B ! +# $ # ) #
Prilozi:
! +# $ # 
  )#  #B X-
ray structural studies and molecular modelling of
natural amino acid conjugates of indole-3-acetic acid
(IAA), predavanje.

! # --! $# &   $# ,
Lj.: Conformational study of dibenzo-30-crown-10
complexes, predavanje.




#B & % /0   !/
aggregation of the retropeptides with oxalyl bridges,
predavanje.
) # $ # 
 #
' *# 9 )#B Recognition of enantiomers
in racemic erythro and threo derivatives of C(3)-
substituted 1,4-benzodiazepine-2-on by X-ray
diffraction methods, predavanje.
MATH/CHEM/COMP ’99, THE FOURTEENTH
DUBROVNIK INTERNATIONAL COURSE &
CONFERENCE ON THE INTERFACES AMONG
MATEMATICS, CHEMISTRY AND COMPUTER
SCIENCES
Dubrovnik, Hrvatska, 21.6.-26.6.1999.
+B  "# 1 # 55 +#




!    /0 !
motion by transient infrared spectroscopy,
predavanje.
3 
# 55 +#; Kezele, N.; Klasinc, L.;

10 +# $# $ +# $0 ?# #B MALDI-
FTMS study of lipid oxidation products with ozone
and ozone/nitrogen oxide mixtures in air, poster
3 
# 55 +#; Kezele, N.; Klasinc, L.;

10 +# $# $ +# $0 ?# #B Kinetics of
127
nitrate radical formation in ozone/nitric oxide mixtures
in nitrogen and air, poster
Graovac, A.; Kaufman, M.; Pisanski, T.; Kirby, E. C.;
Bokal, D.: Application on adjacency matrix
eigenvectors method to geometry determination of
toroidal and similar pure carbon molecules,
predavanje
55 +#; Kezele, N.; Klasinc, L.; McGlynn, S. P.;
$ +# $0 ?# #B Investigation of lipid
oxidation with ozone and nitrogen oxides by FTMS,
poster
Mircea, V. D.; Graovac, A.; Kerber, A.: Cyclic graphs
with degenerate sequences, predavanje
" +#  ! "#B ; -4!0 %  
predavanje
" +#  ! "#  =+&  !0 %  !0
of alcohols in water, poster
$   # $ # & 
#B "
characterization of cyclicity, poster
WORLD CONFERENCE ON SCIENCE: "SCIENCE





DU'99, THE FIRST INTERNATIONAL DUBROVNIK
NMR COURSE
Dubrovnik, Hrvatska, 27.6.-30.6.1999.
+B 55 +# $ +# ) +#
Prilozi:

 8# )- # L 
# ,
Lj.: NMR spectroscopic study of Pd(II) halide
complexes with diethyl quinolylmethylphosphonates,
poster.
) +#B ! "
&  -! -0# 
application to some uniaxial polymer systems,
pozvano predavanje.





! +# $ #  &# 
  )#
Salopek-Sondi, B.: Correlation of structural and
physico-chemical parameters with the bioactivity of
alkylated derivatives of indole-3-acetic acid, a
phytohormone (auxin), poster.





+ +# .0 
# 1# !!! &# (# + #B
Dual-level direct dynamics of hydroxyl radical
reaction with ethane and haloethanes: towards a
general reaction parameter method, poster.




15th CRYSTALLOGRAPHIC COMPUTING SCHOOL,
INTERNATIONAL UNION OF CRYSTALLOGRAPHY
Hinxton, Velika Britanija, 14.8.-29.8.1999.
+B $ #







#B &! % "!  
)  	 * +  ) 
predavanje
3rd INTERNATIONAL CONFERENCE ON
MOLECULAR STRUCTURAL BIOLOGY
  ! E#G#@N#G#@GGG#




  (#  
# $%! 1# $ +#
Schara, M.: The perturbation effects of alcohols on
human HDL, poster.
 
# $%! 1# ( # $ +#
Schara, M.: The interaction of alcohols with low
density lipoproteins, poster.
 
# $%! 1# $ +# +/ 
#B /
EPR study of thiol groups in human plasma LDL,
poster.






! ;# + +# 3>
/% '#B
Factors influencing additive interactions with calcium
hydrogenphosphate, poster
 )# &  # 9!%  3-
) "#B 3!   !! 
transformation in mixtures of cationic and anionic
surfactants, poster





Sekušak, S.; Frenking, G.: On the mechanism of
biological dinitrogen fixation: nitrogenase model
compounds with Fe(II) centres and sulfur ligand
sphere, poster.
INTERNATIONAL SCHOOL, ADVANCED
METHODS IN ELECTRON PARAMAGNETIC
RESONANCE SPECTROSCOPY: APPLICATION




Merunka, D.; Rakvin, B.: Monte Carlo simulation of of






Cvitaš, T.; Kezele, N.; Klasinc, L.: Ozone
Measurements on the Croatian Adriatic Coast, poster
XIII. INTERNATIONAL BIOPHYSICS CONGRESS





5 1#  
# $ +# +/ 
#B
The spin labeling of thiol group in human plasma
LDL, poster
CONCEPTS IN ELECTRON CORRELATION
Hvar, Hrvatska, 20.9.-29.9.1999.




ORIENTATION IN POLYMERS: GENERATION,
CHARACTERISATION, APPLICATION
$!  " UO#G#N#@O#@GGG#
+B ) +#
Prilog:
) +# 9 # / # 1! X#B R4
dynamics in lamellar diblock and triblock copolymers.
Deuterium NMR study, poster.
HRVATSKI PRIRODOSLOVCI
Rijeka, Hrvatska, 8.10.1999.
+B " +#  ! "#
Prilog:
" +#  ! "#B 
! ./ "/ 
 -5 -
INTERNATIONAL SYMPOSIUM "PUBLIC





Pifat-Mrzljak, G.: Public understanding of science in
Croatia, pozvano predavanje.





Veksli, Z.: Structural and motional heterogeneity of
polymers and copolymers as viewed by the ESR-spin
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Prilog: Merunka. D.; Rakvin, B.: Monte Carlo








Cvitaš, T.: president of Division of Physical
Chemistry of International Union of Pure and
Applied Chemistry (IUPAC); titular member in
the Interdivisional Committee on Nomenclature
and Symbols (IDCNS) u International Union of
Pure and Applied Chemistry (IUPAC).
Klasinc, L.: IUPAC Commission on Atmospheric
./ !0 ! !! 
Klasinc, L.: EUROTRAC TOR-2 projekt, glavni
/!   !,
+ #B 3! % <- ./
Societies (FECS), Division of Chemistry and the
<! 
+ #B !! R % $  --
Chemistry (IUPAC), Commission on Water and
+ ./ !0 !! 
Pifat-Mrzljak, G.: Special commission on







Bilinski, H.: Aluminium, iron, silicon and manganese
compounds of geochemical significance, (JF-
169), bilateralna suradnja Hrvatska-SAD, United
States Geological Survey, SAD
! )# .! #B $/!/ 4! 
the troposphere, National Oceanic and
Atmospheric Administration, SAD
Graovac, A.: Diskretna matematika u kemiji,
bilateralni hrvatsko-slovenski projekt
  #B  !,  !! -/ -
spektrometrijom masa, bilateralni hrvatsko-
slovenski projekt
$ #B  !    !! 
  -!    !,
institut Pliva, Zagreb, 1998/99.
$ #  
# 9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) 6 +!%! @GGACNOOO "#
$%!
5 1#B 
7 --!  
biološki aktivnim tvarima, bilateralni hrvatsko-
slovenski projekt
Pifat-Mrzljak, G.: Surface characterization of low
density lipoproteins (Joint Croatia-USA project,
JF 162)
Rakvin B.: Studija relaksacijskih procesa u
feroelektricima s vodikovom vezom, bilateralni
hrvatsko-slovenski projekt
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methods for pollution prevention and benign-by-
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program znanosti i tehnologije, U.S. Department
of Agriculture
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Magnetic Field Laboratory, Tallahassee, FL,
National Science Foundation, SAD
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Pharmacological Importance, Universitá degli
Studi di Trieste, Dipartimento di Scienze
Biomediche, Trst, Italija.
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copolymères séquencés étude par résonance
magnétique (RMN, RPE). Cooprération franco-
croate, projet 3028, CNRS, Laboratoire de
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Jakob Lajos, Central Research Institute for Physics
of the Hungarian Academy of Sciences,
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Bruce R. King, University of Georgija, Athens,
Georgija, SAD, 8.6.-12.6.1999.
Mircea Diudea, BABES-BOLYAI University, Cluj,
Rumunjska, 19.6.-20.6.1999.; 27.6.-28.6.1999.
Ludmila Marinescu, BABES-BOLYAI University, Cluj,
Rumunjska, 19.6.-20.6.1999.; 27.6.-28.6.1999.
Jirzy Cioslowski, Florida State University,
Tallahassee, Florida, SAD, 27.6.-30.6.1999.
Subhash C. Basak, University of Minnesota, Duluth,
SAD, 23.8.-28.8.1999.; 2.9.-3.9.1999.
Bogdan Kralj, , Institut J. Štefan, Ljubljana, Slovenija,
12.-13.10.1999.
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 8  Institut J. Štefan, Ljubljana, Slovenija,
12.-13.10.1999.
Josef Weppner, Forschungszentrum, Karlsruhe,
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Jakob Lajos, Central Research Institute for Physics
of the Hungarian Academy of Sciences,
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MATH/CHEM/COMP 99, The 14th Dubrovnik
international course & conference on the interfaces
among mathematics, chemistry and computer
sciences
Dubrovnik, 21.6.-26.6.1999.
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Laboratorij za sintetsku organsku kemiju, dr. sc. Kata Majerski, voditeljica laboratorija
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Laboratorij za kemiju ugljikohidrata, peptida i glikopeptida, dr. sc. Štefica Horvat, voditeljica
laboratorija
Laboratorij za celularnu biokemiju, dr. sc. Ljubinka Vitale, voditeljica laboratorija
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Tajništvo, Barica Baborsky, tajnica
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Selektivni procesi na molekulskoj i supramolekulskoj razini
Elektronska struktura i dinamika organskih molekula
SELEKTIVNI PROCESI NA MOLEKULSKOJ I
SUPRAMOLEKULSKOJ RAZINI
SELECTIVE PROCESSES ON MOLECULAR AND
SUPRAMOLECULAR LEVEL
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Teme u sastavu programa:
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Razvoj receptor-selektivnih analoga bioaktivnih peptida i studij Maillardove reakcije na endogenim i
egzogenim opioidima, dr. sc. Štefica Horvat, voditeljica teme
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
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Poticajni projekti znanstvenih novaka i asistenata u okviru tema:
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2-Oksaadamantano-krunasti eteri. Sinteza i studij kompleksiranja s metalnim kationima, dr. sc. Goran
Kragol, nositelj projekta
Ispitivanje interakcija 4,9-diazapirenijevih derivata s DNA, mr. sc. Ivo Piantanida, nositelj projekta
Priprava i studij reaktivnosti Amadorijevih spojeva endogenih opioidnih peptida, mr. sc. Andreja Jakas,
nositeljica projekta
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materijalnih troškova od strane Ministarstva znanosti i tehnologije. U tu svrhu aktivirana su u
laboratorijima sva sredstva predvidjena za nabavku nove opreme, i ostvarena dodatnim ugovorima
pojedinih laboratorija sa tvrtkama u zemlji i inozemstvu, te kroz bilateralnu suradnju sa znanstvenim
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1999 god., kako sam to opisao u Izvještaju za 1998 god. U toku 1999 godine stanje se je rapidno
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se u izvještajima pojedinih laboratorija: broj objavljenih znanstvenih radova i onih u objavi, broj
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3 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djelovanje, te broj diplomskih, magistarskih radova i doktorskih disertacija.
Research programme:
Research activity within this Program continues prevalently on the experimental basis, in spite of the
lacking funding of expenses by the Ministry of Science and Technology. To this aim, in the
laboratories were activated all financial resources envisaged for purchasing of new equipment,
previously collected by additional contractual research with the companies in the country and abroad,
as well as by bilateral collaboration with scientific institutions abroad (USA, GB, BRD, Italy, Hungary).
Here I draw attention to the difficult economic situation which the collaborators of this Program faced
in 1999, as I already described in my report for 1998. During 1999 this situation rapidly became even
more difficult, and if in 2000 there will be no financial support of this Project, I envisage huge decrease
in the quality of the experimental work, and consequently decrease of the number of relevant original
publications.
All other numerical data, concerning the results of scientific research in 1999, are presented in the
reports of the single laboratories: number of the original papers and those accepted for publication,
number of domestic and foreign patents, communications at international meetings, lectures,
educational activity, and the number of B.Sc., M. Sc. and Ph. D. thesis.
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STEREOSELECTIVE CATALYTIC AND BIOCATALYTIC PROCESSES
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Tel: ++385 1 4680 108, e-mail: sunjic@rudjer.irb.hr
Suradnici na temi:
Zdenko Hameršak, doktor kem. znanosti, znanstveni suradnik
Darko Kontrec, doktor kem. znanosti, asistent
Andreja Lesac, doktorica kem. znanosti, viša asistentica
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Davorka Moslavac, magistrica kem. znanosti, asistentica, znanstvena novakinja
Zlata Raza, doktorica kem. znanosti, viša znanstvena suradnica
 :  $  3  
 
    
 
 






/  % 3 0<7=  4
Suradnica iz druge ustanove:
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Ministarstvo znanosti i tehnologije
Program rada i rezultati na temi:
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patenta u Hrvatskoj, te jednog PCT patenta, kojeg je partner u projektu prijavio u oko 30 zemalja. U
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doktorska disertacija.
Research programme and results:
In the last year period, activity was oriented towards the following research themes: correlation of
enantioselectivity of the lipase catalyzed reactions with conformational properties of the substrates,
preparation of chiral stationary phases for separation of enantiomers by the high resolution
chromatography, synthesis of chiral structures with the ferrolectric properties, reactivity and chiroptical
properties (CD) of new structures, in particular of non-aromatic chirla heterocyclic sompounds.
Beside research activity on the Programme of Ministry of Scince and Technology, the members of the
Laboratory participated on the project with a domestic company PLIVA d.d., on anotehr project with a
company Caffaro s.p.a. from Italy, and on the four academic projects within international collaboration
(ALIS; COST, POLYtech, Area di Ricerca, and University of Zagreb - Lornad Eotvos University of
Budapest)
Two papers are published that report on the temperature effect on the lipase catalyzed acylations in
organic solvents. Three papers are reported on preparation, electronic properties, and
chromatographic testing of new chiral stationary phases, two papers are published that discuss
134
spectroscopic and chiroptical properties of chiral nitrogen ligands; one paper is related to structure and
reactivity of keto-oximes and one to chiral thermotropic liquid crystals.
The results of research are also presented at the four international meetings, as one oral
communication and three posters.
In 1999. the members of the Laboratory published nine full papers in the journal cited by SCI, four
papers are accepted for publication, and five others are submitted. The members of the laboratory are
authors of two patents applied in Croatia, and one patent applied as PCT in ca 30 countries. In 1999 in
the Laboratory are completed one B. Sc. thesis, one M. Sc. thesis, and one Ph.D. thesis.
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ORGANOMETALNE KATALIZATORE
BIOCATALYTIC ENANTIOSELECTIVE PROCESS IN SYNTHESIS OF LIGANDS FOR
CHIRAL ORGANOMETALLIC CATALYSTS
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MOLECULAR RECEPTORS WITH POLYCYCLIC UNITS
Voditeljica teme: dr. sc. Kata Majerski
Tel: ++385 1 4680 196,  e-mail: majerski@rudjer.irb.hr
Suradnici na temi:
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Goran Kragol, doktor kem. znanosti, asistent, znanstveni novak
Kata Majerski, doktorica kem. znanosti, znanstvena savjetnica
Dunja Šafar Cvitaš, magistrica kem. znanosti, asistentica
Danko Škare, doktor kem. znanosti, znanstveni suradnik
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Pripravljeni su novi prekursori za generiranje pentaciklo[5.4.0.02,6.03,10.05,9]undekan-8-ilidena (1a) i 11-
metilenpentaciklo[5.4.0.02,6.03,10.05,9C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ovise o reakcijskim uvjetima pod kojima su generirani.
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pripravili smo niz novih adamantano- i oksaadamantano-krunastih etera. U tu svrhu razvijena je i
metoda priprave 1,3-bis(hidroksimetil)-2-oksaadamantana i 1,3-bis(2-hidroksioksietil)-
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Research programme and results:
Within the framework of this programme, the problems essential for understanding the structure-
reactivity relationship of organic molecules and the development of new polycyclic building blocks and
their application in the synthesis of novel class of "host" molecule have been examined.
Novel pentacyclo[5.4.0.02,6.03,10.05,9]undecane derivatives have been synthesized and the carbenes
pentacyclo[5.4.0.02,6.03,10.05,9]undecan-8-ilydene (1a) and 11-methylenepentacyclo[5.4.0.02,6.03,10.05,9]
undecan-8-ilydene (1b) were generated under different conditions. The obtained results clearly
showed that the fate of carbenes 1a and 1b depend upon the reaction conditions under which they are
generated.
Investigation in the field of cyclopropane chemistry was centered on the cyclopropane ring-opening
reaction in 2,8-didehydronoradamantane and its 9-substituted derivatives. Exclusive formation of exo-
2-substituted brend-4-enes in acidic media supports the formation of a bridged bicyclobutonium ion.
As a continuation of our investigation on the synthesis of "host" molecules, which contain polycyclic
units as an essential building block, we have prepared a series novel adamantano- and
oxaadamantano-crown ethers. With this aim, methods for preparation of 1,3-bis(hydroxymethyl)-2-
oxaadamantane and 1,3-bis(2-hydroxyethyloxy)adamantane the key precursors for the synthesis of
adamantano- and 2-oxaadamantano-crown ethers were developed.
Also, the biological activities of adamantyl tenocyclidine are under current investigation.
Poticajni projekt u okviru teme:
2-OKSAADAMANTANO-KRUNASTI ETERI. SINTEZA I STUDIJ KOMPLEKSIRANJA S
METALNIM KATIONIMA
2-OXAADAMANTANO-CROWN ETHERS. SYNTHESES AND COMPLEXATIONS WITH
METAL CATIONS
Nositelj projekta: dr. sc. Goran Kragol
PROJEKTIRANJE I SINTEZA SUPRAMOLEKULSKIH SUSTAVA
DESIGN AND SYNTHESIS OF SUPRAMOLECULAR SYSTEMS

	 	    
Tel: ++385 1 4680 217 e-mail: zinic@rudjer.irb.hr
Suradnici na temi:
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Program rada i rezultati na temi:
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organiziranja u organskim i hidro-gelovima. Sintetizirano je oko 40 amino kiselinskih i dipeptidnih
     
   
%* *   
Organizacije u gelovima studirane su TEM i SEM elektronskom mikroskopijom, FTIR i NMR
spektroskopijom i rentgenskom strukturnom analizom. Sintetizirani su fenantridinijevi konjugati s
nukleobazama (A i T) i studirano je vezanje nukleotida u vodenom mediju te interakcije ovih konjugata
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Research programme and results:
The research executed in 1999 includes the studies of the supramolecular self-organisation in organic
and aqueous gels. Close to 40 derivatives of bis(amino acid or dipeptide) oxalyl amides have been
synthesized as new low molecular weight organic gelators. Many of prepared compounds showed
efficient gelation of various organic fluids and water. Their organisations in gels were studied by TEM
and SEM techniques, FTIR and NMR spectroscopy and X-ray analysis. Phenanthridinium-nucleic
base(A,T) conjugates have been prepared aiming to molecular recognition of nucleotides in water.
Formation of complexes was studied by fluorescence and the preliminary results point to selective
binding of the complementary nucleotide. The interactions of the conjugates with double- and single
strand nucleic acids were studied by melting experiments, fluorescence and NMR. New
supramolecular catalysts with built in organometalic catalytic site were prepared. The catalysts
containing the bisoxazoline-Cu(I) catalytic site incorporated in the helical macrocyclic structure showed
considerable enhancement of enantioselectivity compared to acyclic analogues in performed catalytic
cyclopropanations of styrene.
Poticajni projekt u okviru teme:
ISPITIVANJE INTERAKCIJA 4,9-DIAZAPIRENIJEVIH DERIVATA S DNA.
INTERACTIONS OF 4,9-DIAZAPYRENIUM DERIVATIVES WITH DNA
Nositelj projekta: mr. sc. Ivo Piantanida
RAZVOJ RECEPTOR-SELEKTIVNIH ANALOGA BIOAKTIVNIH
PEPTIDA I STUDIJ MAILLARDOVE REAKCIJE NA ENDOGENIM I
EGZOGENIM OPIOIDIMA
DEVELOPMENT OF RECEPTOR-SELECTIVE ANALOGS OF
BIOACTIVE PEPTIDES AND STUDY OF THE MAILLARD REACTION
ON ENDOGENOUS AND EXOGENOUS OPIOIDS
Voditeljica teme: dr. sc. Štefica Horvat
Tel: ++385 1 4680 103, e-mail: shorvat@rudjer.irb.hr
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Vanjska suradnica Laboratorija za kemiju ugljikohidrata, peptida i glikopeptida:
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Program rada i rezultati na temi:
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konformacijsku analizu i bioevaluacija novih spojeva iz reda ugljikohidrata, peptida i glikopeptida koji
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farmaceutsku industriju; (b) stjecanja novih spoznaja o strukturi, svojstvima i reakcijama spojeva iz
reda ugljikohidrata, peptida i glikopeptida.
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monosaharidnih estera u kojima je glukoza ili galaktoza preko C-6 hidroksilne skupine vezana na
karboksilnu skupinu endogenog peptida leucin-enkefalina nastaju dva imidazolidinonska izomera s cis
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Research programme and results:
The objective of the proposed research is synthesis and structural characterisation, with special
emphasis on conformational analysis and bioevaluation, of the novel well-defined compounds
belonging to the class of carbohydrates, peptides and glycopeptides. Research tasks include: (a)
synthesis of the novel bioactive compounds of interest for chemical and pharmaceutical industry by
using new synthetic approaches; (b) determination of structure-activity relationships in order to better
understand some natural events or for the design of carbohydrate-peptide based drugs.
In 1999 our research focused on the investigation of the conformational preferences of enkephalins
and the related glycoconjugates in which free or protected carbohydrate moieties were linked to the
opioid peptides through an ether, ester or amide bond. By using circular dichroism spectroscopy in
water, trifluoroethanol and water-trifluoroethanol mixtures we found that the conformation of the
enkephalin molecule is very sensitive to slight changes in the peptide structure around the C-terminal
region. These small structural alterations can be responsible for the receptor-subtype selectivity of the
various carbohydrate-modified enkephalin analogs.
138
Study of the Maillard reaction continued on carbohydrate-peptide esters as model compounds which
mimic the reactivity of sugar 6-phospahtes in nonenzymatic glycations. We found that intramolecular
cyclization of the monosaccharide ester in which glucose or galactose is linked, through C-6 hydroxy
group, to the C-terminal carboxy group of the endogenous peptide leucine-enkephalin, resulted in the
formation of imidazolidinone diastereoisomers having cis or trans relative geometry of the substituents
at the imidazolidinone ring moiety. In contrast, imidazolidinone formation from the mannopyranose
ester was completely stereospecific, only trans isomer was obtained.
Poticajni projekt u okviru teme:
PRIPRAVA I STUDIJ REAKTIVNOSTI AMADORIJEVIH SPOJEVA ENDOGENIH
OPIOIDNIH PEPTIDA
SYNTHESIS AND REACTIVITY OF THE AMADORI COMPOUNDS RELATED TO THE
ENDOGENOUS OPIOID PEPTIDES
Nositeljica projekta: mr. sc. Andreja Jakas
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  *&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FUNKCIJA
HYDROLYTIC ENZYMES: ISOLATION, PROPERTIES, STRUCTURE,
FUNCTION
Voditeljica teme: dr. sc. Ljubinka Vitale
Tel: ++385 1 4680 115,  e-mail: vitale@rudjer.irb.hr
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Pseudomonas cepacia za potrebe razrade postupka i same kristalizacije enzima.
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Research programme and results:
The research programme is devoted to study of different aspects of hydrolytic enzymes. This includes:
(a) extracellular and intracellular hydrolytic enzymes of Streptomyces rimosus with an emphasis on
their possible utilisation, (b) proteolytic enzymes from human blood cells with the aim to elucidate their
physiological role, and (c) a search for enzymes that could be used for detection of various
pathological states.
The works concerning lipases encompassed a preparation of larger amount of the enzyme from S.
rimosus culture filtrate, that was necessary for the study of its stereoselectivity. Further, lipase from
commercial preparation of Pseudomonas cepacia was purified to homogeneity and will be used for the
development of crystallization procedure and for the preparation of lipase crystals.
During 1999 more attention was paid to aminopeptidases from human blood cells, in particular
dipeptidyl-peptidase III. In addition to the newly prepared DPP III from human erythrocytes, DPP III
from rat erythrocytes has been isolated and purified to homogeneity. Comparative study of these
enzymes was carried out. It was shown that they have identical molecular mass and isoelectric point,
and that they are immunochemically related proteins. The two enzymes have very similar affinities for
synthetic substrates and some biological peptides. However, they differ by pH optimum, sensitivity to
two-valent cations and several inhibitors, and by overall stability. In collaboration with the Institute for
Molecular Physics and Biophysics, University in Muenster, determination of human DPP III structure
has been started using MALDI mass spectrometry. The initial results indicate that posttranslational
modification of this type of enzymes is very likely. Having in mind histological determination of DPP III
distribution in rat tissues, preparation of specific antibodies was attempted. For this purpose a
procedure for DPP III purification from rat kidneys was elaborated. Although this source is richer than
erythrocytes, obtained quantities were too small for the immunization of animals bigger than mice, but
mice gave poor immunological response.
Investigation of possibilities to use concentration of a particular enzyme/protein as an indicator of a
pathological state in humans, was continued by analyzing tissue lactate dehydrogenase in
gynecological tumors. Thus a sample, large enough for the adequate statistical analysis, was
obtained. Besides that, a search for protein markers for multiple sclerosis has been initiated. By
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 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patients and healthy donors.
Experiences gained by the carried investigations have been useful for collaboration with researchers
of other programmes.
Poticajni projekt u okviru teme:
AMINOPEPTIDAZE POVRŠINE I GRANULA HUMANIH LEUKOCITA
AMINOPEPTIDASES ON THE SURFACE AND IN THE GRANULES OF HUMAN
LEUKOCYTES
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POLYtech S.c.r.l.-Area di Ricerca (Italija).
Research activities out of the continuous research programme:
Within this programme some additional projects of international collaboration are established, both on
the academic level and those framed by research contracts with industry.
Collaboration with domestic industry comprises the contracts with Pliva Co., Herbos Co., then
collaboration with Belupo Co. and Saponia Co.
Contracts of international collaboration on the academic level comprise the one within bilateral
scientific cooperation USA - Croatia, BDR - Croatia, then COST Project D/2, Program ALIS, and
collaboration between Lorand Eotvos University, Budapest - University of Zagreb. Among the projects
oriented towards new solutions of technical problems, those with Direzione Ricerca, Caffaro S.p.A.,
and PLYtech S.c.r.l.-Area di Ricerca (Italy) should be mentioned.
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Lj. Selektivni procesi na molekulskoj i
supramolekulskoj razini, predstavljanje
programa. 28.4.1999.




Majerski, K.: Molecular receptors with polycyclic
units, Klub PLIVA, P. Hatza 12, Zagreb,
8.7.1999.
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Roje, M., Laboratorie de Stereochimie
organometallique au CNRS, Strasbourg,
Francuska, 1.10.1998.-1.7.1999.
Šumanovac, T., Winter School on Organic Reactivity
(WISOR VIII), Bresanone, Italija, 8.1.-16.1.1999.
( 
  8!  !    &, /
1.8.1998.-31.7.1999.
Kragol, G., The Wistar Institute, Philadelphia, USA,
1.12.1999., u tijeku.
Sudjelovanja na kongresima:
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enzyme activity and CD26 membrane expression on
mouse T cell line R1.1, poster




Split, Hrvatska , 23.2.-26.2.1999.
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Prilozi:
0,  +" + * + 6
epoksida heksametilentetraminom, poster.
  /  
 !- = %
azidouridina i njegovog 5,6-dihidroanaloga u imino-
ciklonukleozide , poster
 . %& ' &    

6 99 "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 !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
diazapyrenima , poster
  / +" + * + ," !",!" 
konformacijska svojstva akiralnih i kiralnih derivata
persubstituiranog benzena, poster.
 ' !  .6 3 * +  
(, + D " !" !,"  " "!6 
bisoksazolina, poster.
 ' !  * + 2" !"
! "  " 0H%!  !-- 6 ,! 

  0 3 D" 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senzorima, poster
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!  * + &, 
mezogena svojstva diestera (-)-izokamforne kiseline,
poster.
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supramolekularnih nakupina retropeptida, poster
.6 3 (, +   / . 
 
' &  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
enantioselektivnosti u reakcijama ciklopropanacije
kao posljedica nevezanih interakcija stirena u
!" !- "$ 09: "  "$ ","!
poster
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 )  4
)  *I  "!" ,$M
monosaharidnih estera opioidnog peptida, poster.
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spektroskopska karakterizacija derivata fenantridina.
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intramolekulska ciklizacija u sintezi krunastih tioetera,
poster.
+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 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 

Rendgenska strukturna analiza aminokiselinskih
derivata kaliks(4(arena, poster
$  *   ,  
 )  *I
Sinteza i reaktivnost monosaharidnih estera
aminokiselina, poster.
 ' 6  +"%, /  

Sulfoniluree i sulfonamidi purinskih nukleo baza i
nukleozida, poster
 
 D   @B%6,  
Sinteza i interakcije s nukleotidima, DNA i RNA,
predavanje
10th INTERNATIONAL SYMPOSIUM ON TRACE
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D.: Antiproliferative ability of ferric-sorbitol-citrate and
ferrocenes for malignant cell line, Hep2 and F10,
poster.
6th INTERNATIONAL SYMPOSIUM ON
METALLOMESOGENS
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acid: building block for chiral liquid crystalls, poster
47th ASMS CONFERENCE ON MASS
SPECTROMETRY AND ALLIED TOPICS Dallas,
Texas, SAD, 13.6.-17.6.1999.
Prilog:
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Jasna: UV- and IR-MALDI-MS of human and rat
dipeptidyl peptidase III, poster
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Smoljan, B.: Adamantyltenocyclidines as potential
antidotes in soman poisoning, poster.
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intramolecular rearrangement of the glucose ester of
an opioid pentapeptide, poster.
10th IUPAC SYMPOSIUM ON ORGANO-METALLIC
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acces to versatile protoadamantane derivatives,
poster.
11th EUROPEAN SYMPOSIUM ON ORGANIC
CHEMISTRY (ESOC 11)
Göteborg, Švedska, 23.7.-28.7.1999.
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Prilozi:
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spiro-3'-diazirine. Medium dependent reaction,
poster.
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monosaccharide esters - study on inter- and
intramolecular reactions, poster.
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studies and resolving properties of some new chiral
stationary phases for HPLC, poster
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D2 akcija
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Nacionalnog povjerenstva za primjenu
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Course for Personnel Involved in the National
Implementation of the Chemical Weapons
Convention, Teheran, Iran, 1.3.-9.3.1999.
Combined Regional Seminar and
Implementation Workshop on the Chemical
Weapons Convention, Ig, Slovenija, 20.4.-
23.4.1999. Regional Seminar on the Chemical
Weapons Convention, Valetta, Malta, 2.6.-
4.6.1999. First Meeting of the Protection
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akcija, EU
* +I 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Fungicides, Caffaro S.p.A. (Gruppo Fiat),
Torviscosa, Italija
* +I '  !   
Zagrebu - Lorand Eotvos University, Budimpešta
* +I ;< 0 0! - )&0
POLYtech, Area di Ricerca, Trst, Italija
Lesac, A.: Porphyrin-based Liquid Crystals, Program
ALIS, Exeter. Velika Britanija
Majerski, K.: Razvoj postupka priprave intermedijera
u sintezi omeoprazola, PLIVA dd, Zagreb
 
  )%4I / !
Forschunggemeinschaft (DFG): Non-Covalent
Interactions with Aromatic Compounds in Natural
and Synthetic Supramolecular Complexes 436
KRO 113/3/0
D$! D  
  # +P$ D D$
B.: COST D-11, Supramolecular Chemistry: Low
Molecular Weight Gelators of Organic Fluids and
Water: Towards Engineered Supramolecular







Alan P. Marchand, The University of North Texas,
Denton, Texas, SAD. 15.6.-18.6.1999.
Luciano Navarini, POLYtech, Area Science Park,
Trst, Italija, 28.9.-29.9.1999.
Werner Schröder, Frie Universität Berlin, Institut für
Kristallographie, Sequenzierungs und
5 ! ' ;" H@>>%
28.11.1999.
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ELEKTRONSKA STRUKTURA I DINAMIKA ORGANSKIH
MOLEKULA
ELECTRONIC STRUCTURE AND DYNAMICS OF ORGANIC
MOLECULES
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Poticajni projekti znanstvenih novaka i asistenata u okviru tema:
Utjecaj otapala na kiselost benzocikloalkena, dr. sc. Zoran Glasovac, nositelj projekta
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korištenje izvorne koncepcije aromatskog domino efekta i korona efekta intramolekularne vodikove















korelacije elektrona u planarnim ugljikovodicima. Ostali rezultati postignuti tijekom 1999. god. detaljnije
su opisni u okviru pojedinih tema.
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Within the framework of this programme, the problems essential for understanding and predicting
properties of the electronic structure, dynamics and reactivity of organic molecules in the ground state,
as well as in the electronically excited states, have been meticulously examined. Although the latter
topic is completely new in our chemical community, it is of paramount importance for photochemical
processes involving inter alia photosynthesis. A salient feature of investigations performed within this
programme is a strong interaction between various research groups and a synergistic combination of
modern experimental techniques and theoretical methods, which is the "conditio sine qua non" for
competent and competitive research enabling successful international scientific co-operation. Our
research work has been focused on the following points: protonation and deprotonation of organic
molecules, photoinduced proton transfer, structure and dynamics of molecules using modern quantum
chemical and spectroscopic methods, modelling and synthesis of characteristic model compounds
necessary for studying long-range interactions and the accompanying mechanisms of electron transfer
in extended -systems as well as the influence of isotope effects on the spin-spin coupling constants.
Last but not least, design of molecular wires, which may well lead to new intelligent materials
possessing high performance, is attempted.
In 1999, our most significant achievements encompass very accurate calculations of proton affinities
of a series of monosubstituted benzenes in their first * electronically excited state, determination of
the intrinsic acidity of higher homologues of benzocyclopropene, synthesis of novel U-shaped
organosilicon compounds, extensive vibrational analysis of 1,1'-biadamantane, NMR spectroscopic
studies of mercury (II) compounds and development of original concepts of the aromatic domino effect
and the effect of intramolecular hydrogen bonding in tayloring potent organic (polyguanides,
cyclopropeneimines, quinodiimines, 2,5-dihydropyroldiimine) and inorganic (phosphazenes) bases.
Finally, it is found that the both dynamical and nondynamical electron correlation energy in planar
hydrocarbons follows a simple additivity rule. Other results are described in more detail within the
reports of particular projects of this programme.
The programme is intensively involved in the international scientific co-operation (NSF, COST D9 and
D10, Volkswagen, and bilateral collaboration with Austria, Germany, Great Britain, Hungary,
Macedonia, and Slovenia). The researchers on the programme take an active part in graduate and
postgraduate studies at the University of Zagreb resulting in numerous B.Sc., M.Sc. and Ph.D. theses.
ELEKTRONSKA STRUKTURA I KEMIJSKA REAKTIVNOST
ELECTRONIC STRUCTURE AND CHEMICAL REACTIVITY
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Zoran Glasovac, doktor kem. znanosti, viši asistent





Nana Novak Doumbouya, doktorica kem. znanosti, viša asistentica, znanstvena novakinja




































































  34 	
!
















 	   ! ab initio 
!

(CASPT2/CASSCF) protonski afiniteti niza monosupstituiranih benzena u prvom elektronski
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vrijedne informacije o mehanizmu pregradnje Li-intermedijera ciklopropena na niskim temperaturama.
Posebno interesantni rezultati dobiveni su u reakcijama alkilnih derivata (alkil = n-propil, n-butil)
navedenog spoja koji su rezultirali do sada nepoznatim tetrasupstituiranim alenima i novim derivatima
acetilena. Naposlijetku, reakcijom exo,endo- i exo,exo-1,4:5,8-diepoksi-1,4:5,8-tetrahidroantracena i
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Research programme and results:
In 1999. our research work was focused on: (a) the protonation and deprotonation reactions with
particular emphasis on deprotonation of cycloproparenes in the ground state and protonation of
monosubstituted benzenes in the lowest electronically excited state; (b) rearrangements of substituted
cyclopropenes in metallation reactions and (c) high pressure synthesis with principal objective of
elucidating reactivity of 14-group metallols under extreme conditions.
Within the first research line deprotonation energies of a number of higher homologues of
benzocyclopropene were calculated using high level ab initio and DFT methods. Changes in
aromaticity of the individual rings in all investigated compounds were analysed employing NICS
parameters. The previously developed model for calculating proton affinities of the electronically
excited singlet states of substituted benzenes was refined by employing higher level of theory
(CASPT2/CASSCF). The calculated proton affinities were in very good agreement with experimentally
available data.
Investigations in the field of cyclopropene chemistry resulted in valuable information on the nature and
stability of cyclopropenyl-lithium intermediates in metallation reactions. The most interesting result
obtained within this work concerns preparation of novel tetrasubstituted allenes and new acetylene
derivatives starting from 2-alkyl-3-TMS-3-COOEt-cyclopropene (alkyl = n-propyl, n-butyl).
Finally, new U-shaped cycloaducts containing 7-sila- and 7-oxanorbornene subunits were prepared by
reacting exo,endo- and exo,exo-1,4:5,8-diepoxyantracene and phenylated silacyclopentadienes under
high pressure. Investigations of their spectroscopic properties and electronic structure are currently
underway.
148
Poticajni projekti u okviru teme:
UTJECAJ OTAPALA NA KISELOST BENZOCIKLOALKENA
SOLVENT EFFECT ON THE ACIDITY OF BENZOCYCLOALKENES
Nositelj projekta: dr. sc. Zoran Glasovac
 	
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NEW POLYCYCLIC ORGANOMETALLIC COMPOUNDS WITH RIGID STRUCTURE
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ISOTOPIC LABELLING AND MOLECULAR SPECTROSCOPIES
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Mladen Mintas, doktor kem. znanosti, redoviti profesor, Zavod za organsku kemiju, Fakultet kemijskog
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izomerizacija) i ponašanja materijala. Ugradnjom stabilnih izotopa u strukturu, kombinacijom raznih
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1H, 2H i 15N NMR spektara.



















  	 
 -  
*




 3  
 	




























Ramanovih intenziteta što je iskorišteno za obradu eksperimentalnih podataka dobivenih na
deuteriranim cis-stilbenima.
Research programme and results:
Chemical processes and structure of the ground and excited electronic states of aryl derivatives of
stilbene, Schiff bases, azobenzene, mercury (II) compounds, and some mannose-related
imidazolidinones are investigated. Photoionization and protonation are the most important processes
which reveal many properties of the named compounds and in particular those phenomena which help
us in understanding some important transformations (e.g. isomerization) and behaviour of materials.
Introduction of stable isotopes into the structure, combination of different molecular spectroscopies
and rigorous quantum chemical calculations result in a very high level of research. On the other hand,
extensive application of isotopic labelling offers a lot of NMR data for calculation of nuclear shielding
and spin-spin coupling, as well as fundamental interpretation of isotope effects. Improved procedures
for obtaining stable protonated species enable recording and interpretation of infrared, Raman, 13C,
1H, 1H and 15N NMR spectra.
Vibrational analysis of 1,1'-biadamanatane by empirical assignment and semiempirical calculations
(AM1) of force constants, and by using the method of generalized harmonic mode scrambling
developed last year. It was found that the vibrational dynamics of 1,1'-biadamantane differs from that
of biphenyl, which also belongs to the group of molecules consisting of rigid segments. The electronic
spectrum of iso-diazene was studied (vertical and adiabatic excitation energies) using quantum-
chemical calculations (modelling of the CAS). The existing computer programs are improved and
some new created (evolution of a wave packet on the excited-state potential energy surface) in order
to calculate resonant Raman intensities. They were used to model the experimental data obtained for
a series of deuterated cis-stilbenes.
Poticajni projekti u okviru teme:
SPEKTROSKOPSKI STUDIJ PULL-PUSH STILBENA
SPECTROSCOPIC STUDY OF PULL-PUSH STILBENE
 	 
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THEORETICAL INVESTIGATION OF PROTONATED DIIMIDE CATIONS
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ELEKTRONSKA STRUKTURA MOLEKULA I ATOMSKIH GROZDOVA
ELECTRONIC STRUCTURE OF MOLECULES AND ATOMIC
CLUSTERS
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aditivnosti. U toku je proširenje na heteroaromatske sustave.
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aromatski domino efekt i intramolekularni korona efekt, koji nastaje usljed stvaranja nove vodikove
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efektu,  potaknutom protoniranjem imino-dušika. Tako je, primjerice, rezonantni efekt u protoniranom
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fragmente primjenom CASSCF i CASPT2 metoda.
Research programme and results:
The problem of theoretical estimates of dynamical and nondynamical electron correlation in planar
hydrocarbons is considered. It is found that the correlation energy follows a simple additivity rule.
Extension to heteroatomic systems is in progress.
We developed the scaled Hartree-Fock model for calculating the proton affinity of large aromatic
molecules. It is applied in estimating the proton affinity of buckminsterfullerene. The latter has an
appreciable PA, which is by 20 kcal/mol higher than that of benzene. The work in tayloring of very
strong organic bases is continued. We developed an original strategy the essential ingredient being
selection of systems, which exhibited aromatic domino effect and the intramolecular H-bond corrona
or hollow effect. It is found that protonation at the imino-nitrogen triggers a strong aromatization of
planar three-, five-, and six-membered rings (cyclopropeneimines, quinodiimines, 2,5-
dihidropyroldiimine etc.). A particulary dramatic increase in basicity occurs in polycyclic planar
systems, which undergo sequential aromatization or domino effect. Additional strengthening in basicity
is obtained by substitution of the -CH2-CH2-CH2-NH2 chain at the imino-group, which closes up in a
six-membered ring by forming an intramolecular hydrogen bond upon the protonation. We have also
shown that branched polyguanides are very strong bases. The origin of the enhanced basicity is
identified in the increased resonance effect spurred by the protonation. For instance, the resonance
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effect in the protonated guanidine has higher resonance effect than the aromatic stabilization in the
archetypal benzene! Further, we found out that good candidates for superbases are provided by some
immino-naphthalenes and phosphazenes. The latter family of compounds exhibits even stronger
resonance effect than their polyguanide counterparts. The reason behind is a simple fact that P atom
is larger thus being able to accomodate a larger number of NH2 groups.
Efforts to elucidate acid-base properties of all alpha-aminoacids including it 21st member
selenocysteine as well as of some di- and tripeptides have been continued.
Finally, we found that dicyclobutadienobenzene most likely represented the first system, which
underwent Kekulé isomerisation.
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ZAVOD ZA KEMIJU MATERIJALA








        
 
        
 
    
       
 
  !    "   
 
      #   
Tajništvo, Vesna Picak i Josip Zrna
  	











ZNANOST I TEHNOLOGIJA MATERIJALA
SCIENCE AND TECHNOLOGY OF MATERIALS
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i razvojem radijacijske tehnologije; (e) suradnjom s hrvatskom industrijom i ustanovama; (f)
sudjelovanjem suradnika Zavoda za kemiju materijala u visokoškolskoj nastavi, i (g) izradbom
diplomskih, magistarskih i doktorskih radova u laboratorijima Zavoda. Tijekom realizacije navedenog
programa u proteklom izvještajnom periodu ostvaren je niz novih spoznaja od kojih navodimo samo
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rasta kristala zeolita A i vrijednosti konstante brzine rasta.
Razvijen je model kinetike kontinuirane zamjene kationa iz otopine s kationima iz tankog sloja zeolita.
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Mössbauerovu spektroskopiju u studiju feritizacije iona Cu2+, Eu3+, Y3+ i Nd3+ +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CuFe2O4 (tetragonski), -Fe2O3, CuO i CuFeO2. Mössbauerovi spektri su pokazali distribucije
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Ha=495 kOe i Hd=405 kOe, dok su za europijeve ione pri 90 K dobivene vrijednosti HI=631 kOe i
HII=572 kOe. Nd3+ 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xNdxFe5O12. Mjerenja magnetizacije YIG, (Y2Nd)Fe5O12 i (YNd2)Fe5O12 
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rijetkih zemalja. (Y2Nd)Fe5O12 je pokazao reorijentaciju spina pri  60 K, što prije nije opisano u
literaturi, te dostigao magnetski moment koji je gotovo iste vrijednosti kao magnetski moment
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povišenoj temperaturi u prisutnosti urotropina ili uree.
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Fazne pretvorbe, pojave otapanja i precipitacije u slitinama Al-Zn s atomskim udjelom Zn od 8% do
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antimonom oba iona antimona, Sb3+ i Sb5+, zamjenjuju Sn4+ u strukturi SnO2.
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intermetalnih spojeva reagira reverzibilno s vodikom i apsorbira do 4 atoma vodika po formulskoj
jedinki intermetalnog spoja.
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kristalnom sustavu prostorne grupe Fd 3 m (No. 227). Strukture se sastoje od oktaedarskih kationa
[M6Br12(H2O)6]2+, odnosno [(Ta6Cl12)Cl(H2O)5]2+ i tetraedarskih aniona [HgX4]2-, te molekula kristalne
vode. U spoju [(Ta6Cl12)Cl(H2O)5][HgBr4]·9H2O simetrija oktaedra je smanjena na 2mm poradi
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Research programme:
In the frame of realization of the research programme "Science and technology of materials" a
significant contributions to the fundamental knowledge in chemistry and physics were made.
An improved system equation which enables the prediction of the Na, Al and Si distribution between
the solid and the liquid phase in a wide range of batch aluminosilicate concentrations, batch molar
ratio Si/Al, and total alkalinity of the system, respectively, has been derived and evaluated. The
interaction between zeolite A seed crystals added to clear aluminosilicate solution (A-side of reactor),
and amorphous aluminosilicate gel (B-side of reactor) were investigated during crystallization of
zeolite A in membrane reactor. Particulate properties of the zeolite A formed by growth of zeolite A
seeds in the B-side of the reactor do not depend on the crystallization conditions (e.g., the amount of
the seed added to the A-side of the reactor), but exclusively on the number and distribution of the
nuclei in the matrix of gel. This finding is in accordance with previously defined principle on the
"memory effect" of gels. Analysis of distribution of nuclei in the matrices of differently prepared and
treated aluminosilicate gels have shown that the distribution of nuclei in most of gel precursors is
inhomogeneous ("concentration" of nuclei decreases from the "surface" of gel particles to their
"interior"); homogeneous distribution may be a special case. Simulation of kinetics of crystallisation of
zeolites at different temperatures by population balance method have shown that so-called "induction
period" of crystallization has not any specific significance related to the rest of the crystallization
process. Influence of different chemical and kinetic factors on the kinetics of crystal growth of zeolite A
and on the value of the growth rate constant was evaluated. A model of the kinetics of a continuous
exchange of cations from solutions with cations from thin layers of zeolite(s) is developed. The validity
of the model is confirmed by the correlation between measured and calculated values of the amounts
of zinc ions in both the layers of zeolite A and the zinc nitrate solutions passed through the layers of
zeolite A under different initial concentrations of zinc ions in the solutions, different masses of zeolite A
in the layers and different flow rates of the solutions through the layers of zeolite A.
The role and mechanism of action of Cd2+ in inducing the formation of calcite, in the precipitation
system in which initially precipitates only vaterite, was studied by EPR spectroscopy. It was suggested
that cadmium prevented vaterite to grow, most probably by blocking its growing sites. In the study of
the influence of some naturally occurring mineral particles (quartz, kaolinite and montmorillonite) and
some organic substances (fulvic, citric and propionic acids) on the precipitation and surface charge of
calcium carbonate polymorphs, it was found that quartz and kaolinite had no influence on the
precipitation process. The addition of calcium montmorillonite caused an instananeous precipitation of
calcite. Fulvic acid was found to inhibit both the nucleation and crystal growth of vaterite, and to
reduce the electrokinetic potential significantly, reverting it to negative. Citrate ions were adsorbed on
the positively charged sites of vaterite, thus, at higher concentrations, inhibiting completely the
precipitation of vaterite and promoting the formation of calcite. Propionic acid had no significant effect.
Ferrites have found important applications due to their specific electrical, magnetic and magneto-
optical properties. Various structural, spectroscopic and magnetometric techniques were used in the
investigation of ferrites. Mössbauer spectroscopy is very useful technique in the investigation of
ferrites and for this reason in the present research we used this technique to investigate the
ferritization of Cu2+, Eu3+, Y3+ and Nd3+ ions. During ferritization of Cu2+ ions different oxide phases
were observed in the samples, for example, CuFe2O4 (cubic), CuFe2O4 (tetragonal), hematite, tenorite
and delafossite. 57Fe Mössbauer spectra showed hyperfine field distributions and on the basis of these
spectra and numeric parameters, a possible presence of Cu+ and Fe2+ ions in the samples was
discussed. For the molar ratio Eu2O3:Fe2O3=3:5, Eu3Fe5O12 was formed between 1100 and 1300 oC.
Hyperfine magnetic fields at iron sites at room temperature were Ha=495 kOe and Hd=405 kOe,
whereas the hyperfine fields at europium sites at 90 K were HI=631 kOe and HII=572 kOe. Nd3+ ions
do not show tendency to form garnet-type ferrite. Our investigation showed that Nd3+ ions can be
incorporated in the YIG structure, thus forming solid solutions, Y3-xNdxFe5O12. Magnetization studies of
YIG, (Y2Nd)Fe5O12 and (YNd2)Fe5O12 were performed between 4.2 and 300 K in magnetic fields up to
20 kOe. It was proved that the Nd sublattice magnetization is coupled ferromagnetically to the total
iron magnetization, in agreement with theoretical expectations for the light rare earth garnets.
(Y2Nd)Fe5O12 exhibited a spin reorientation transition around 60 K, which was previously not noticed,
thus reaching magnetic moment comparable to that of (YNd2)Fe5O12 at 5K. A new method of the
synthesis of magnetite from iron choline citrate was investigated.
High-temperature XRD was used to determine the phase composition of the thermal decomposition
products of zirconium salts. The mechanism of t-ZrO2 formation was proposed. The influence of
processing parameters (pH, type of anion, reaction temperature) on the properties of hydrous zirconia,
prepared by sol-gel procedure, has been investigated. In the samples, prepared in the ZrO2-Fe2O3
system by sol-gel procedure, two different solid solutions, closely related structurally to m-ZrO2 and c-
ZrO2, respectively, were found.
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Nanosized TiO2 particles were synthesized by modified sol-gel procedure based on an esterification
reaction. Raman scattering was applied as a probe for the measurementof the crystallite size and
distribution of nanosized TiO2. Strong influence of the method of synthesis of tungsten trioxide
hydrates on their thermal behaviour was observed. The correlations between the synthesis conditions
and the properties of resulting Fe- or Al-(hydrous) oxides were also investigated.
Leucite-type glass-ceramics were investigated by thermally stimulated depolarization current, whereas
the thermal decomposition of Fe(IO3)3 was investigated by 57Fe Mössbauer and vibrational
spectroscopies.
Phase transitions, dissolution and precipitation processes in Al-Zn alloys having 8-62 at % Zn have
been studied in detail by X-ray powder diffraction. The results indicate that a change in the known
phase diagram of the Al-Zn system is necessary.
Structural properties of nanocrystalline SnO2 doped with antimony have been studied. Crystal
structures of the samples have been refined by the Rietveld method. It was found that both Sb3+ and
Sb5+ are substituted for Sn4+ in the SnO2 structure.
Formation of oxides - minerals in biological systems and influence of ecological characteristics on this
process have been studied in the case of the subterranean snails Zospeum alpestre and Zospeum
isselianum.
Rate constant of a biologically important reaction between alkoxyl radical and ferrous ion was
measured by laser flash photolysis. It is considered that this reaction is responsible for many
pathological disorders in vivo, aging and cancer.
New thermoluminescent materials for use in low-dose dosimetry have been studied and characterized
and their uses for the determination of natural background radiation levels, particle beam irradiation
dosimetry, determination of the effective electromagnetic energy and measurement of dose
distribution in veterinary X-ray diagnostics were described. A new simple readout method based on
the change of colour is described in high-dose dosimetry.
The regularities established over several years of microbial decontamination by irradiation of botanical
materials have been generalized and recommendations regarding the choice of the effective dose
under particular conditions were made.
By revision of approach to analysis of results full sensitivity of the electrical conductivity method to
structural changes in the course of crosslinking of unsaturated polyester resins was obtained, and its
influence on reaction rate was shown, which could not be seen if in literature commonly used
approach was applied.
Morphology and mechanical properties of the poly(vinyl acetate) (PVAc) composites with untreated
and surface treated calcium carbonate (CaCO3) are studied.
Intermetallic compounds of the general composition GdNi5-xAlx and RENi4Ga (RE = Gd, Tb, Dy, Ho, Er
and Y) were prepared. After structural and phase analysis all single phase intermetallics were treated
with hydrogen in temperature range 77 K - 700 K and pressures up to 10 MPa. Most of the ternary
intermetallic compounds react reversibly with hydrogen and absorb up to 4 hydrogen atoms per
formula unit of the intermetallic compound. The high-temperature oxidation of the Zr2Cu intermetallic
compound was studied in dry oxygen and is characterized by selective oxidation of zirconium.
The appearance of the semiconducting properties among the hexanuclear halide clusters of niobium
and tantalum was first observed for the diamagnetic [M6Br12(H2O)6][HgX4]·12H2O (M = Nb, Ta; X = Cl,
Br, I), and later for the paramagnetic clusters [(Ta6Cl12)Cl(H2O)5][HgX4]·9H2O. All these compounds
crystallize in the cubic crystallographic system (space group Fd 3 m, No. 227). The structures consists
of [M6Br12(H2O)6]2+ or [(Ta6Cl12)Cl(H2O)5]2+ octahedral cluster cations, [HgX4]2- tetrahedral anions and
crystal water molecules. In the compound [(Ta6Cl12)Cl(H2O)5][HgBr4]·9H2O the symmetry of the
octahedral unit is reduced to 2mm because of the statistical distribution of five water molecules and
one Cl- in 6 terminal octahedral sites. The activation energy values measured for the compounds with
[M6Br12]2+ and [Ta6Cl12]3+ units are comparable being in the range, Ea = 0.17 to 2.22 eV.
Semiconducting properties have been found for [Ta6Br12(H2O)6][CdBr4]·12H2O and
[(Ta6Cl12)Cl2(H2O)5][CdBr4]·nH2O clusters as well. The later compound is paramagnetic and displays
quasionedimensional magnetic properties with the intrachain and interchain antiferromagnetic
interaction.
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PROCESA IONSKE ZAMJENE
INVESTIGATION OF THE CRITICAL PROCESSES OF ZEOLITE
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preostali dio procesa kristalizacije. Procesi koji se odvijaju tijekom "indukcijskog perioda" kvalitativno
su isti kao procesi koji se odvijaju tijekom preostalog (glavnog) dijela procesa kristalizacije.
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Razvijen je model kinetike kontinuirane zamjene kationa iz otopine s kationima iz tankog sloja zeolita.
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Research programme and results:
Considering the results of investigation of the batch alkalinity on the distribution of Na, Al and Si
between the solid and the liquid phase of aluminosilicate hydrogel precursors, an improved system
equation has been derived and evaluated. It enables the prediction of the Na, Al and Si distribution
between the solid and the liquid phase in a wide range of batch aluminosilicate concentrations, batch
molar ratio Si/Al, and total alkalinity of system, respectively. Thus, better control of the crystallisation of
desired types of zeolites and their particulate properties has been provided.
The interaction between zeolite A seed crystals added to clear aluminosilicate solution (A-side of
reactor), and amorphous aluminosilicate gel (B-side of reactor) were investigated during crystallization
of zeolite A in membrane reactor (A- and B-sides were separated by a membrane having average
pore size openings of 0.8 m). It was found that particulate properties of the zeolite A formed by
growth of zeolite A seeds in the A-side of the reactor depend on the reaction time needed for complete
transformation of the gel into the zeolite, and thus on the amount of the seed added to the A-side of
the reactor, as well as on the agglomeration processes that occur simultaneously with the
crystallisation process. On the other hand, particulate properties of zeolite A formed in the B-side of
the reactor do not depend on the crystallisation conditions (e.g., the amount of the seed added to the
A-side of the reactor), but exclusively on the number and distribution of the nuclei in the matrix of gel.
This finding is in accordance with previously defined principle on the "memory effect" of gels.
Analysis of distribution of nuclei in the matrices of differently prepared and treated aluminosilicate gels
have shown that both specific number (number per unit mass or volume) of nuclei and their
distribution in the gel matrix strongly depend on the chemical and physical conditions under which
hydrogel is prepared. The distribution of nuclei in most of gel precursors is inhomogeneous
("concentration" of nuclei decreases from the "surface" of gel particles to their "interior");
homogeneous distribution may be a special case.
Simulation of kinetics of crystallisation of zeolites at different temperatures by population balance
method have shown that the so-called "induction period" of crystallisation has not any specific
significance related to the rest of the crystallisation process. The processes that occur during the
induction period are qualitatively the same as ones that occur during the rest of crystallisation.
Investigation of the influence of different chemical (concentrations of silicon and aluminium in the liquid
phase, alkalinity of the liquid phase) and kinetic (temperature) factors on the kinetic of crystal growth
of zeolite A have shown that the growth rate of zeolite A crystals is size-independent, and that the
growth is governed by the reaction of monomeric and/or low-molecular aluminate, silicate and
aluminosilicate anions from the liquid phase on the surfaces of growing zeolite crystals. Kinetic
equation of the crystal growth of zeolites was derived and evaluated on the basis of the analysis of
experimental data. Influence of the above-mentioned factors on the kinetics of crystal growth of zeolite
A as well as on the value of the growth rate constant was considered by applying of the derived kinetic
equation.
A model of the kinetics of a continuous exchange of cations from solutions with cations from thin
layers of zeolite(s) is developed. Kinetic equations derived on the basis of the model make possible
calculations and predictions of the exchange efficiency under different exchange conditions. The
validity of the model is confirmed by the correlation between measured and calculated values of the
amounts of zinc ions in both the layers of zeolite A and the zinc nitrate solutions passed through the
layers of zeolite A under different initial concentrations of zinc ions in the solutions, different masses of
zeolite A in the layers and different flow rates of the solutions through the layers of zeolite A.
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Poticajni projekt u okviru teme:
UTJECAJ PRIPRAVE ALUMOSILIKATNOG GELA NA KINETIKU KRISTALIZACIJE I
SVOJSTVA ZEOLITA
INFLUENCE OF GEL PREPARATION ON THE KINETICS OF CRYSTALLIZATION AND
THE PROPERTIES OF ZEOLITES
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dobiven EPR spektroskopijom, koji je pokazao izvjesno iskrivljenje kristalne rešetke kalcita,

  !         
supstrat za depoziciju kalcita. (iii) Utjecaj nekih organskih supstancija (fulvinske, limunske i propionske
8       & !  +  !
             !
 $     #= +  &   
 !  
   
  !  
          &
 #:   &
        
    
 !  ! -   
 
      
 & !     
    
      
 +  
  !   
na pozitivno nabijena mjesta vaterita. Pri višim koncentracijama, limunska kiselina potpuno zaustavlja
      78 *!  N-alkilnog lanca (metil-, etil-, propil-
) u otpuštanju ili vezanju molekule vode u koordinacijsku sferu bakra(II) u nekim bakrovim(II)
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Research programme and results:
The proposed study is directed toward gaining new knowledge about: the factors influencing the
formation of thermodynamically metastable and stable solid phases in precipitation processes from
supersaturated electrolyte solutions; the kinetics and mechanisms of processes involved in the
formation of solid phases; the characteristics of these solid phases and their interactions with foreign
ions and molecules; and the possibilities of purification of solids contaminated with inorganic ions.
The objective is to develop generic solutions to a wide range of problems that involve precipitation
processes, either these processes occur in natural systems or in industrial and other operations.
In these studies, model inorganic systems of slightly and moderately soluble salts interesting in
different fields of human spheres of action, are anticipated. The interactions between the solid phase
and the additive are planning to be investigated by using divalent metal ions and some organic
molecules.
For the past period of a year the following subjects have been studied: (i) The role and mechanism of
Cd2+ action in inducing the formation of calcite, in the precipitation system in which initially precipitates
only vaterite, the least stable of the known calcium carbonate polymorphs. For this purpose 13C-
vaterite doped with Cd2+ was prepared and -irradiated, and the stable paramagnetic centres were
studied using electron paramagnetic resonance (EPR) spectroscopy. These centres in vaterite, the
paramagnetic centres of carbonate origin and two centres induced by cadmium doped to vaterite,
were characterized and their locations were determined. On the basis of these results and also by
taking into consideration the kinetics of nucleation and growth of both vaterite and calcite determined
earlier, the role of cadmium was discussed. It was suggested that cadmium prevents vaterite growing,
most probably by blocking the growing sites of vaterite. Thus, by slowing down or preventing the
growth of vaterite, the conditions for calcite growth are created. (ii) The influence of some naturally
occurring mineral particles (quartz, kaolinite and montmorillonite) on the precipitation of calcium
carbonate polymorphs. In the investigated systems the initial concentrations of calcium and carbonate
species, as well as the concentration of NaCl, were similar to those found in seawater. In the
reference system, to which no mineral particles were added, vaterite was the only solid phase
precipitating. It was found that quartz and kaolinite had no influence on the precipitation process. The
addition of calcium montmorillonite caused an instantaneous precipitation of calcite, thus indicating
montmorillonite being a suitable substrate for the overgrowth of this polymorph. On behalf of this
assumption was the finding obtained by EPR spectroscopy, which revealed distortions of the crystal
lattice of calcite caused by a misfit in relation to the montmorillonite lattice, serving as a substrate for
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calcite deposition. (iii) The influence of some organic substances (fulvic, citric and propionic acids) on
the precipitation and surface charge of calcium carbonate polymorphs. Precipitation was initiated from
the solutions containing calcium and carbonate ionic species and a selected organic solute. Ionic
strength of the solutions was adjusted by the addition of NaCl. Precipitation from the reference
system, in which no organic substance was added, resulted in the formation of positively charged
spherulitic crystals of vaterite, with the electrokinetic potential largely depending on the surface area of
the solid phase. Fulvic acid was found to be the inhibitor of both nucleation and crystal growth of
vaterite and the electrokinetic potential was significantly reduced and reverted to negative. Propionic
acid had no significant effect either on the precipitation or on the surface charge formation. Citric acid
reduced the positive charge of vaterite particles and caused partial inhibition of crystal growth, thus
indicating the adsorption of the citrate ions on the positively charged sites of vaterite. At higher
concentrations, citric acid completely inhibited the precipitation of vaterite and promoted the formation
of calcite. (iv) The role of N-alkyl chain-length (methyl-, ethyl-, propyl-) in binding or release of water
molecules to the copper(II) coordination sphere in some copper(II) complexes with alanine. Several
different organic solvents with various capacities to dissolve water were used and the study was
performed by using EPR and UV/VIS spectroscopies. It was found that EPR spectra of all the three
examined complexes are determined mainly by the water bound at the fifth (apical) position of the
copper(II) ligand field. This study was one of the prerequisites in the study of the copper(II) complexes
incorporation into calcium carbonates.
Extensive and very demanding studies of the heavy metal ions removal from the contaminated solid
phase are in progress. The liquid membrane (LM) technique is used in solving this problem and
calcium sulphate contaminated with metal ions is chosen as a model system. The investigation of
spontaneous precipitation of MgNH4PO4  6H2O, its characteristics and the conditions of
heterogeneous equilibria at 25 C and 37 C are also in progress. From all magnesium phosphates
this one is the most common constituent of kidney stones. It also has an important role in maintenance
of the equilibrium of phosphates in soils, so the knowledge of its properties are also of interest in
fertilizer production.
Poticajni projekt u okviru teme:
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 u uzorcima koji su dobiveni reakcijom
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ostalim eksperimentalnim parametrima u sintetiziranim uzorcima mogli su se detektirati CuFe2O4
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2O4 (tetragonski), -Fe2O3, CuO i CuFeO2. Mössbauerovi spektri su pokazali
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je prisutnost iona Cu+ i Fe2+ u tim uzorcima. Nastajanje okisdnih faza u sustavu Eu2O3-Fe2O3
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57Fe i 151Eu Mössbauerove spektroskopije i FT-IR
spektroskopije. EuIG je sintetiziran za molni odnos Eu2O3:Fe2O3>?6@ 
: KKDD  K?DD oC. Uzorak
sintetiziran pri 1300 oC pokazao je pri sobnoj temepraturi hiperfina magnetska polja na mjestima
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 5a=495 kOe i Hd=405 kOe, dok su izmjerena hiperfina magnetska polja na mjestima europija
pri 90 K, HI=631 kOe i HII=572 kOe. Ioni Nd3+ ne pokazuju sklonost stvaranja ferita granatne strukture.
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Y3-xNdxFe5O12. Magnetizacije YIG, (Y2Nd)Fe5O12 i (YNd2)Fe5O12 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magnetskim poljima do 20 kOe. Magnetizacijska mjerenja na uzorcima (Y2Nd)Fe5O12 i (YNd2)Fe5O12
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momenti 5.65 B, odnosno 5.76 B, dok je za YIG izmjeren moment 5 B pri 60 kOe. Taj rezultat
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(YNd2)Fe5O12. (Y2Nd)Fe5O12 je pokazao reorijenatciju spina pri  60 K, što prije nije opisano u
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zraka na prahu i 57Fe Mössbauerove spektroskopije. Motrene su promjene stehiometrije magnetita u
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ponašanje amorfnog prekursora ZrO2. Nakon grijanja uzoraka pri 400 oC nastao je t-ZrO2 kao
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utjecajem temperature (600 i 800 oC) nije ovisila samo o pH priprave amorfnih prekursora ZrO2.
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 pri povišenoj temperaturi u prisutnosti urotropina ili uree. Urotropin
i urea su korišteni kao izvori iona OH-  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antimonom oba iona antimona, Sb3+ i Sb5+, zamjenjuju Sn4+ u strukturi SnO2.
Formiranje oksida-minerala u biološkim sustavima, te utjecaj ekoloških faktora na taj proces, ispitivani
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praha. Metoda je uspješno testirana na nekoliko višekomponentnih smjesa.
Fazne pretvorbe, pojave otapanja i precipitacije u slitinama Al-Zn s atomskim udjelom Zn od 8% do
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Research programme and results:
In the frame of investigations on the project "Synthesis and microstructure of metal oxides and oxide
glasses" a new fundamental data about relations between the chemical synthesis of metal oxides and
oxide glasses and their chemical, structural and physical properties  has been obtained.
Ferrites are important materials for advanced technologies because of their specific electrical,
magnetic and magneto-optical properties. Various structural, spectroscopic and magnetometric
techniques have been used in the investigation of ferrites, Mössbauer spectroscopy is very useful
technique for the characterization of ferrites and for this reason is extensively used in the present
investigation of ferrites. Ferritization of Cu2+ ions was monitored in the samples synthesized by the
solid state reaction between CuO and Fe3O4 or -Fe2O3. Cuprospinel (CuFe2O4, cubic), copper ferrite
(CuFe2O4, tetragonal), hematite, tenorite and delafossite could be found in the samples in dependence
on the initial atomic ratios Cu:Fe and other experimental parameters. Mössbauer spectra showed
hyperfine filed distributions and on the basis of these spectra and calculated paramters, the presence
of Cu+ and Fe2+ ions in the samples was discussed. The evolution of oxide phases in the Eu2O3-Fe2O3
system was investigated by XRD, 57Fe and 151Eu Mössbauer and FT-IR spectroscopies. For the molar
ratio Eu2O3:Fe2O3=3:5, EuIG was formed between 1100 and 1300 oC. In sample produced at 1300 oC,
the measured hyperfine fields at iron sites at room temperature were Ha=495 kOe and Hd=405 kOe,
whereas the hyperfine fields at europium sites at 90 K were HI=631 kOe and HII=572 kOe. Nd3+ ions
do not show tendency to form the garnet-type ferrites. Our investigation showed that Nd3+ ions can be
incorporated in the YIG structure, thus forming solid solutions, Y3-xNdxFe5O12. Magnetization studies of
YIG, (Y2Nd)Fe5O12 and (YNd2)Fe5O12 were performed between 4.2 and 300 K in magnetic fields up to
20 kOe. The magnetization measurements of (Y2Nd)Fe5O12 and (YNd2)Fe5O12 showed that the
magnetic moments were higher than those in the pure YIG phase. The magnetic moments at 20 kOe
were 5.65 B and 5.76 B, respectively, whereas the moment of YIG at 60 kOe was only 5 B. This
proves that the Nd sublattice magnetization is coupled ferromagnetically to the total iron
magnetization, in agreement with theoretical expectations for the light rare earth garnets. The
magnetization curves of (Y2Nd)Fe5O12 and (YNd2)Fe5O12 reproduced below 10 K, show that at almost
all temperatures, the Nd poor compound has a larger moment than that of the Nd rich compound. This
effect is probably due to the fact that in the latter, the magnetic anisotropy is much larger.
(Y2Nd)Fe5O12 exhibited a spin reorientation transition around 60 K, which was previously not noticed,
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thus reaching a moment comparable to that of (YNd2)Fe5O12 at 5 K. XRD and Mössbauer
spectroscopy were applied in the investigation of the thermal decomposition of iron choline citrate. The
changes in stoichiometry of magnetite were monitored.
High-temperature XRD was used to determine the phase composition of the thermal decomposition
products of zirconium salts. The mechanism of t-ZrO2 formation was proposed. The important role of
oxygen in the t-ZrO2  m-ZrO2 transition indicated that the lack of oxygen in the zirconia lattice
favours the formation of metastable t-ZrO2. The influence of processing parameters (pH, type of anion,
reaction temperature) on the behaviour of amorphous zirconia precursor, prepared by sol-gel
procedure, has been investigated. After calcination of the samples at 400 oC, t-ZrO2 appeared as the
dominant phase. The stability of t-ZrO2 to the influence of pressure (500, 1000, and 1350 MPa)
showed to be pH dependent, whereas the stability of t-ZrO2 to the influence of temperature (600 and
800 oC) could not be attributed to the influence of the pH value alone. Lattice strains in the t-ZrO2
products increased almost linearly with an increase in the pH value, whereas the crystallite size
showed to be independent to the pH value. In the samples, prepared in the ZrO2-Fe2O3 system also by
sol-gel procedure, two different solid solutions, closely related structurally to m-ZrO2 and c-ZrO2,
respectively, were found. The terminal solid solubility limits were determined.
Nanosized TiO2 particles were synthesized by modified the sol-gel procedure based on an
esterification reaction. With heating of the TiO2-acetate precursor up to 320 oC, the surface area
increased from 3 to 280 m2g-1, and with a further increase in temperature the surface area of
nanocrystalline anatase gradually decreased. Raman scattering was applied as a probe for the
measurement of the crystalline size and distribution of nanosized TiO2 particles. The methodologies
for the size determination of nanocrystals using the LFR mode, together with a deconvolution
treatment to obtain the size distribution, were analysed.
Strong influence of the method of synthesis of tungsten trioxide hydrates on their thermal behaviour
was observed. The correlation between the synthesis conditions and the properties of aluminium
hydrous oxide particles was investigated. Forced hydrolysis of Fe3+ ions at elevated temperature in the
presence of hexamethylenetetramine (HMTA) or urea was monitored. HMTA and urea were used as a
source of OH- ions which were released by chemical decomposition in aqueous medium.
Leucite-type glass-ceramics were investigated by thermally stimulated depolarization current, whereas
the thermal decomposition of Fe(IO3)3 was investigated by 57Fe Mössbauer and vibrational
spectroscopies.
Phase transitions, dissolution and precipitation processes in Al-Zn alloys having 8-62 at % Zn have
been studied in detail by X-ray powder diffraction. The equilibrium state, reached by ageing, has been
compared with that obtained by slow cooling from the solid solution temperature to RT. The results
indicate that a change in the known phase diagram of the Al-Zn system is necessary.
Structural properties of noncrystalline SnO2 doped with antimony have been studied. Crystal
structures of the samples have been refined by the Rietveld method. It was found that both Sb3+ and
Sb5+ are substituted for Sn4+ in the SnO2 structure.
Formation of oxides - minerals in biological systems and influence of ecological characteristics on this
process have been studied in the case of the subterranean snails Zospeum alpestre and Zospeum
isselianum. Using XRD it was found that a mineral composition of gastropod shells is strongly
dependent on the local-environmetnal influence.
A new procedure for quantitative X-ray diffraction phase analysis has been developed. The method
involves a mathematical adjusting of the theoretical diffraction pattern of powder sample to the
experimental powder diffraction pattern. The method was successfully tested on several
multicomponent mixtures.
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na trajnim kemijskim promjenama u otopinama. Tako su razvoj i karakterizacija dozimetrijskih sustava
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laserske fotolize generirali smo tert-butoksil radikale iz di-tert-butilperoksida u otopinama Fe(II) i
metodom kompeticijske kinetike odredili konstantu brzine reakcije drugog, brzog stupnja reakcije.
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dozimetrijske sustave koji se zasnivaju na promjeni boje u vidljivom dijelu spektra.
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Research programme and results:
The project deals with the characterization of physico-chemical effects of ionising radiations in various
model and real systems. The selection of systems for the investigation of physico-chemical effects of
ionising radiations is determined by the interest in various aspects of the interactions of radiation and
matter. The investigations of the nature and fate of the reactive short-lived species formed by the
radiolysis: electrons, positive ions, excited molecules and free radicals belong to the fundamental
aspects of the interactions between radiation and matter. This research has been carried out in both
simple liquid and solid systems. Physico-chemical effects of ionising radiations can be used for the
measurements of the radiation energy absorbed in a system, which is then called a dosimetry system.
According to the range of the doses measured, the subjects of the project are dosimetry systems
based on inducing thermoluminescence of solids or on inducing permanent chemical changes in
solutions. The development and characterization of dosimetry systems capable for measuring doses
over a range of 12 orders of magnitude are the subject of this project as well. The subject of the
project is also the induction of certain biologically relevant chemical changes in simple model systems.
In this way, natural processes with the participation of reactive short-lived species are mimicked under
controlled conditions, e.g. oxidation of biological molecules by free radical mechanism, electron
transfer, etc. Technological applications of irradiation are based on the biocidal effect of ionising
radiation upon microorganisms, which happen to be contaminating pharmaceutical and medical
materials and foods. While the biological effect of irradiation is dramatic, the physico-chemical effect is
often hardly noticeable. It is a challenge for radiation chemistry to identify and quantify these physico-
chemical effects, which is also the subject of this project.
The reaction of oxidation of transition metal ions by hydroperoxides is a two-step process, the first
step giving alkoxyl radical, which oxidizes an additional metal ion in the second step. This reaction is
of a great importance in nature, especially between biologically important lipid hydroperoxides and
ferrous ions. Nevertheless, complete kinetics of this reaction has not been elucidated so far. tert-
Butoxyl radicals were generated by laser flash photolysis of di-tert-butyl peroxide solutions containing
also Fe(II) ions, and rate constant of the second, fast reaction step was determined by competition
kinetics.
In very low-dose dosimetry, such as is met in natural background radiation monitoring of the
environment, high sensitivity of detectors to irradiation is desirable. At the same time, the stability of
dosimeter material with respect to variations of temperature, humidity and illumination is required. The
study under simulated environmental conditions has shown that newly developed thermoluminescent
(TL) materials based on LiF doped with Cu generally comply with the requirements of the American
National Standard N.13.29, whether they are made in the USA or China.
The sensitivity to alpha and neutron irradiation relative to gamma irradiation was studied in TL
dosimeters based on Al2O3 and CaF2. TL sensitivity of these materials decreases with the increasing
LET of radiation.
The dependence of TL materials sensitivity on the energy of incident electromagnetic radiation may be
used to determine the effective X-ray energy by using two dosimeters with different energy
dependencies. This application based on the use of high-sensitivity CaF2 and low-sensitivity LiF TL
materials is described.
The application of TL dosimetry for the measurement of dose distribution in veterinary X-ray
diagnostics is also described. The use of a simple commercial optoelectronic reader for ethanol-
chlorobenzene dosimeter readout in high-dose dosimetry is described. The application to other liquid
chemical dosimetry systems, which are based on the change of colour in the visible part of the
spectrum, is also proposed.
Based on several years of experience in microbial decontamination by irradiation of botanical
materials for use in pharmaceutical, cosmetics and food industries, certain regularities with respect to
the initial microbial contamination levels and radiation sensitivity of the contaminating microflora were
established. Based on the established regularities and desirable results of the irradiation processing,
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the irradiation doses needed to accomplish the required sterility assurance levels have been
recommended.
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Research programme and results:
In radiation modification of polymers, the reactions proceed in heterogeneous conditions mainly, and
the mechanism of the process can be determined by chemical reactivity and structural and phase
transitions of the system in the course of reaction. The goal of our investigation is to determine the role
of chemical and structural factors in cross-linking of unsaturated polyester resins as a model system. A
combination of different research methods was applied. In our laboratory the method of electrical
conductivity and calorimetric method were developed. These methods would help following the course
of cross-linking and NIR spectrophotometry was applied in order to investigate the nature of liquid-
liquid transition observed in unsaturated polyester resins in investigated temperature range. We
expect that our results may essentially contribute to the elucidation of controversy in literature
concerning the role of liquid-liquid transitions. It is expected that the possible effect of liquid-liquid
transition on cross-linking reaction could be explained. The effects of polymer structure, composition
of polymer blends and effect of modification by ionizing radiation on polymer properties, are
investigated.
The results of DC-electrical conductivity monitoring of radiation and thermally initiated crosslinking of
unsaturated polyester resins are interpreted using conductivity data itself instead of commonly used
logarithmic data form. The main setbacks of logarithmic conductivity data were the shift toward longer
reaction time compared to non-logarithmic conductivity data and extraction analysis results and
pronounced scattering at the end of the reaction so it was impossible to detect vitrification point. By
revision of approach to analysis of results, full sensitivity of the electrical conductivity method to
structural changes in the reacting system was shown. The apparent rate constants calculated from
conductivity itself showed the influence of upper liquid-liquid transition on the rate of radiation induced
reaction that could not be seen if the logarithm of conductivity was used. Influence of dose rate effects
and electrical field effects on reaction rate were detected too and confirmed by DSC measurements.
Morphology and mechanical properties of the poly(vinyl acetate) (PVAc) composites with untreated
and surface treated calcium carbonate (CaCO3) are studied. While the fillers enhance the mechanical
properties, plasticizing additives cause a significant reduction in the glass transition temperature.
Because the stearic acid optimizes the interfacial bonding and wetting, surface treated filler particles
adhere well to the matrix, realizing thus good adhesion and reinforcement.
INTERMETALNI SPOJEVI I METALNI HIDRIDI
INTERMETALLIC COMPOUNDS AND METAL HYDRIDES
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smjesa elementarnog paladija i P2O5.
Metodom termalno stimulirane struje depolarizacije studirane su relaksacije u diblok kopolimerima
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Research programme and results:
The research program includes synthesis and characterization of intermetallic compounds, as well as
the study of their interaction with hydrogen or oxygen. The aim of these investigations is to select new
materials for potential use for energetic and catalytic purposes. The basic methods of investigations
are x-ray powder diffraction, metallography, pressure composition isotherm measurements, thermal
methods (TGA, DTA, TDSC) etc.
Intermetallic compounds of the general composition GdNi5-xAlx and RENi4Ga (RE = Gd, Tb, Dy, Ho, Er
and Y) were prepared. After structural and phase analysis all single phase intermetallics were treated
with hydrogen in temperature range 77 K - 700 K and pressures up to 10 MPa. Most of the ternary
intermetallic compounds react reversibly with hydrogen and absorb up to 4 hydrogen atoms per
formula unit of the intermetallic compound. The thermodynamic features of the metal-hydrogen system
were extracted from the pressure composition desorption isotherms.
The high-temperature oxidation of the Zr2Cu intermetallic compound was studied in dry oxygen. The
oxidation is characterized by selective oxidation of zirconium, whereby the cooper  excess is
accumulated at the alloy-oxide boundary forming the phase Zr8Cu5. The oxide layer consists of
monoclinic ZrO2 and a small amount of CuO. An anomalous decrease for the oxidation rate occurs at
1155 K -1223 K, after a strong reaction at 1073-1150 K.
The decomposition of the palladium(II) complexes was studied by thermal methods. It was found that
it occurred in two steps. A dehalogenation is followed by a complex pyrolysis that leads to a mixture of
elemental palladium and P2O5.
By the method of  thermal stimulated depolarization current. the relaxation in the polystyrene-
polybutadiene diblock copolymers was studied in the region 160-303 K.
Poticajni projekt u okviru teme:
METALNI HIDRIDI, ENERGETSKI I EKOLOŠKI POTENCIJAL
METAL HYDRIDES, ENERGETIC AND ECOLOGICAL POTENTIAL
# 6    2!
SUPRAVODLJIVI OKSIDI I METALNI KOMPLEKSI
SUPERCONDUCTING OXIDES AND METAL COMPLEXES

	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Tel: ++385 1 4561 189, e-mail: brnicevi@rudjer.irb.hr
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Suradnici na temi:
Ivan Bašic, doktor kem. znanosti, viši asistent, znanstveni novak
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Program rada i rezultati na temi:
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sustavu (prostorna grupa Fd 3 m, No. 227). Strukture se sastoje od oktaedarskih kationa
[M6Br12(H2O)6]2+, odnosno [(Ta6Cl12)Cl(H2O)5]2+ i tetraedarskih aniona [HgX4]2-, te molekula kristalne
vode. U spoju [(Ta6Cl12)Cl(H2O)5][HgBr4]·9H2O simetrija oktaedra je smanjena na 2mm poradi
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[Ta6Cl12]2+ je prisutna u kationu [Ta6Cl12(PrCN)6]2+, a [Ta6Cl12]4+ u anionu [(Ta6Cl12)Cl6]2-. Spoj je
jedinstven u kemiji klastera prijelaznih metala.
Research programme and results:
The research programme includes the synthesis, structural, spectroscopic, magnetic and electric
characterization of new semiconducting and superconducting systems.
The appearance of the semiconducting properties among the hexanuclear halide clusters of niobium
and tantalum was not expected. First it was observed for the diamagnetic systems
[M6Br12(H2O)6][HgX4]·12H2O (M = Nb, Ta; X = Cl, Br, I), and later for the paramagnetic clusters
[(Ta6Cl12)Cl(H2O)5][HgX4]·9H2O that contain one unpaired electron pro molecule. All these compounds
crystallize in the cubic crystallographic system (space group Fd 3 m, No. 227). The structures consists
of [M6Br12(H2O)6]2+ or [(Ta6Cl12)Cl(H2O)5]2+ octahedral cluster cations, [HgX4]2- tetrahedral anions and
crystal water molecules. In the compound [(Ta6Cl12)Cl(H2O)5][HgBr4]·9H2O the symmetry of the
octahedral unit is reduced to 2mm because of the statistical distribution of the five water molecules
and one Cl- in 6 terminal octahedral sites. It is interesting to mention that the activation energy values
measured for the compounds with [M6Br12]2+ and [Ta6Cl12]3+ units are comparable being in the range,
Ea = 0.17 to 2.22 eV. Semiconducting properties have been found for [Ta6Br12(H2O)6][CdBr4]·12H2O
and [(Ta6Cl12)Cl2(H2O)5][CdBr4]·nH2O clusters as well. The later compound is paramagnetic and
displays quasionedimensional magnetic properties with intrachain antiferromagnetic interaction J = 68
K and the interchain interaction J’ = 21 K. The values obtained for the activation energies are close to
those obtained for the mercury(II) analogues.
The homonuclear cluster [Ta6Cl12(PrCN)6][(Ta6Cl12)Cl6]·2PrCN containing two hexanuclear units with
different charges in the same molecule has been synthesized. Based on the structural data and IR
174
spectra the [Ta6Cl12]2+ unit is present in the cation [Ta6Cl12(PrCN)6]2+ and the [Ta6Cl12]4+ in the anion
[(Ta6Cl12)Cl6]2-. The compound is unique in cluster chemistry of the transition metal elements.
Poticajni projekt u okviru teme:
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CLUSTERS WITH SEMICONDUCTING PROPERTIES
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medicinskim ustanovama rješavaju se problemi biomineralizacije. Zavod za kemiju materijala ima
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Research activities out of the continuous research programme:
With our own efforts and assisted by the International Atomic Energy Agency (IAEA) we have
accomplished technology transfer to Croatia in the field of radiation processing. We have fulfilled the
necessary legal, personnel and technical prerequisites and investigated microbiological and radiation-
chemical effects in a number of domestic foods and other products. Simultaneously with research and
development work we have been building new and upgrading the existing irradiation facilities, so that
we operate today a number of radiation sources for dosimeter calibrations experimental samples
irradiations and commercial irradiations. These investigations shall be carried on, and a donated
electron linear accelerator shall be reconstructed for this purpose. The use of linear accelerator will
enable broader range and larger capacity of irradiation services, which are, already at present, a
significant factor of quality assurance of health services in surgery, diagnostics, orthopedy, pharmacy,
etc. Cooperation with domestic producers and processors of polymers is developed.
We continue with the research and development of the aluminosilicate industrial complex in Croatia
with emphasize on the silicate component. The fundamental of this technology is high-quality quartz
sand which is the greater mineralogical resource of Croatia. There is permanent investigation of
chemical and technological parameters which are important for the production of technical and
photoactive ceramics, metals for hydrogen storage and high-temperature superconductors. we are
servicing many industries and institutions in Croatia with X-ray diffraction analysis. There are
cooperations with medical institutions and hospitals on the subject of biomineralization. Department of
the Materials Chemistry has developed a broad scientific and professional cooperations with
prestigeous universities and institutions in Europe, USA and Japan.
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6WUXNWXUD L IXQNFLMD IRWRVLQWHWVNRJ DSDUDWD GU VF 1LNROD /MXEHãLü YRGLWHOM WHPH
2UJDQL]DFLMD L HYROXFLMD HXNDULRWVNRJ JHQRPD GU VF XUÿLFD 8JDUNRYLü YRGLWHOMLFD WHPH
0ROHNXODUQL PHKDQL]PL NDUFLQRJHQH]H GU VF %UDQNR %UGDU YRGLWHOM WHPH
6WDQLþQL RGJRYRU QD JHQRWRNVLþQH DJHQVH GU VF 0DMD 2VPDN YRGLWHOMLFD WHPH
,QLFLMDFLMD WUDQVNLSFLMH NRG HXNDULRWD GU VF 0DULMD 0DU\ 6RSWD YRGLWHOMLFD WHPH
*HQHWLND L GLQDPLND ELRDNWLYQLK PROHNXOD GU VF 9RONHU 0DJQXV YRGLWHOM WHPH

7HPH L]YDQ VDVWDYD SURJUDPD
1HXURNHPLMD VLQDSWLþNH WUDQVPLVLMH GU VF %UDQLPLU -HUQHM YRGLWHOM WHPH
2EDOQL L PRUVNL ILWRLQGLNDWRUL MDGUDQVNLK RWRND L SULPRUMD GU VF $QGULMDäHOMNR /RYULü YRGLWHOM WHPH
3RWLFDMQL SURMHNWL ]QDQVWYHQLK QRYDND L DVLVWHQDWD X RNYLUX WHPD
8ORJD UHNRPELQDFLMH '1$ X UHJXODFLML VWDQLþQH GLREH NRG EDNWHULMH (VFKHULFKLD FROL GU VF 'DYRU
=DKUDGND QRVLWHOM SURMHNWD
5HJXODFLMD IRWRVLQWH]H LPXQRILOLQRP 7/3  GU VF +UYRMH )XOJRVL QRVLWHOM SURMHNWD
0ROHNXODUQL ELOMH]L X RGUHÿLYDQMX YUVWD XQXWDU URGD 3LPHOLD WHQHEULRQLGDH &ROHRSWHUD PU VF %UDQND
%UXYR QRVLWHOMLFD SURMHNWD
6DþXYDQH VHNYHQFH YLVRNRSRQDYOMDMXüLK '1$ VURGQLK YUVWD GU VF 1HYHQND 0HãWURYLü QRVLWHOMLFD
SURMHNWD
6NUDüLYDQMH WHORPHUD NDR PHKDQL]DP VWDQLþQRJ VWDUHQMD GU VF ,YLFD 5XEHOM QRVLWHOM SURMHNWD
9HNWRUVNH YDNFLQH SURWLY SVHXGRUDELHV YLUXVD GU VF $QGUHMD $PEULRYLü 5LVWRY QRVLWHOMLFD SURMHNWD
)LWRKRUPRQL X NRRUGLQDFLML YHJHWDWLYQRJ L JHQHUDWLYQRJ UDVWD PU VF %UDQND 6DORSHN 6RQGL QRVLWHOMLFD
SURMHNWD
6WUXNWXUD L HNVSUHVLMD JHQD ]D VHURWRQLQVNL SULMHQRVQLN PU VF 'XEUDYND +UDQLORYLü QRVLWHOMLFD
SURMHNWD
(NRORãNL PRGHOL SURVWRUQH UD]GLREH YHJHWDFLMH L ILWRGLYHU]LWHWD GU VF 2OHJ $QWRQLü QRVLODF SURMHNWD
3URJUDP UDGD
3URJUDP UDGD =DYRGD ]D PROHNXODUQX JHQHWLNX XNOMXþXMH LVWUDåLYDQMD
 XORJH 5HF%&' HQ]LPD X UDVWX EDNWHULMD RGUåDYDQMX SOD]PLGD SRSUDYNX '1$ L +IURYLVQRM
UHNRPELQDFLML
 JHQHWLNH PROHNXODUQLK PHKDQL]DPD L UHJXODFLMH JHQHWLþNH UHNRPELQDFLMH QD EDNWHULMDPD
EDNWHULRIDJLPD L SOD]PLGLPD
 WUDQVIRUPDFLMH ELOMQLK VWDQLFD L PRJXüQRVW UHJHQHUDFLMH WUDQVJHQLþQLK ELOMDND
 DNWLYDFLMH L HNVSUHVLMH VWDQLþQLK RQNRJHQD L RQNRJHQLK YLUXVD
 GLIHUHQFLMDFLMH SODVWLGD L XWMHFDM WYDUL UDVWHQMD L VSHFLILþQLK KHUELFLGD QD WH SURFHVH
 VWUXNWXUD RUJDQL]DFLMD L QDþLQ HNVSUHVLMH JHQD NRG VWUHSWRPLFHWD L MDGUDQVNLK VSXåDYD
 VWUXNWXUH RUJDQL]DFLMH L HYROXFLMH VDWHOLWVNLK '1$ L KHWHURNURPDWLQD X UD]OLþLWLK YUVWD NXNDFD
 LQWHUDNFLMD W51$ V DPLQRDFLOW51$ VLQWHWD]DPD
 UHJXODFLMVNLK PHKDQL]DPD L NRQWUROX LQLFLMDFLMH WUDQVNULSFLMH X HXNDULRWD
 XSR]QDYDQMH PROHNXODUQH RVQRYH ELRORãNH DNWLYQRVWL ELOMQLK KRUPRQD L SHSWLGRJOLNDQD
 VWDQLþQL RGJRYRU QD JHQRWRNVLþQH DJHQVH
 QHXURNHPLMVND L PROHNXODUQRELRORãND LVWUDåLYDQMD VHURWRQLQHUJLþQH WUDQVPLVLMH
 ILWRFHQR]H KDORILWL PRUVNH DOJH L QMLKRYD GHJUDGDFLMD SRVUHGVWYRP þRYMHND L YMHWUD QD MDGUDQVNLP
RWRFLPD L KUYDWVNRP SULPRUMX
5HVHDUFK SURJUDPPH
7KH UHVHDUFK SURJUDPPH RI WKH 'LYLVLRQ RI 0ROHFXODU *HQHWLFV LQFOXGHV VWXGLHV RI WKH
 UROH RI 5HF%&' HQ]\PH LQ WKH EDFWHULDO JURZWK SODVPLG PDLQWHQDQFH '1$ UHSDLU DQG +IUPHGLDWHG
UHFRPELQDWLRQ
 JHQHWLF PROHFXODU PHFKDQLVPV DQG UHJXODWLRQ RI JHQHWLF UHFRPELQDWLRQ LQ EDFWHULD EDFWHULRSKDJHV
DQG SODVPLGV
 SODQW FHOO WUDQVIRUPDWLRQ DQG UHJHQHUDWLRQ RI WUDQVJHQLF SODQWV
 DFWLYDWLRQ DQG H[SUHVVLRQ RI WKH FHOOXODU RQFRJHQHV DQG RQFRJHQLF YLUXVHV
 SODVWLG GLIIHUHQWLDWLRQ DQG WKH HIIHFW RI JURZWK VXEVWDQFHV DQG VSHFLILF KHUELFLGHV RQ WKHVH
SURFHVVHV

 VWUXFWXUH RUJDQL]DWLRQ DQG PRGH RI H[SUHVVLRQ RI JHQHV LQ 6WUHSWRP\FHV DQG 3RULIHUD
 VWUXFWXUH RUJDQL]DWLRQ DQG HYROXWLRQ RI VDWHOOLWH '1$V DQG KHWHURFKURPDWLQ LQ GLIIHUHQW LQVHFW
VSHFLHV
 WUDQVIHU 51$ UHFRJQLWLRQ E\ DPLQRDF\OW51$ V\QWKHWDVHV
 UHJXODWRU\ PHFKDQLVPV DQG WKH FRQWURO RI WUDQVFULSWLRQ LQLWLDWLRQ LQ HXNDU\RWHV
 VWXGLHV RI WKH PROHFXODU PHFKDQLVPV RI SK\WRKRUPRQHV DQG SHSWLGRJO\FDQV
 FHOO UHVSRQVH WR JHQRWR[LF DJHQWV
 QHXURFKHPLVWU\ DQG PROHFXODU ELRORJ\ RI VHURWRQHUJLF WUDQVPLVVLRQ
 SK\WRFHQRVHV KDORSK\WHV PDULQH $OJDH P\FRIORUD DQG WKHLU GHJUDGDWLRQ E\ PDQ DQG ZLQG LQ
$GULDWLF ,VODQG DQG &URDWLHQ &RDVW
8/2*$ 5(.20%,1$&,-( 8 3235$9.8 '1$ , 67$%,/1267,
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9RGLWHOM WHPH GU VF äHOMNR 7UJRYþHYLü
7HO     HPDLO ]WUJRY#UXGMHULUEKU
6XUDGQLFL QD WHPL
.UXQRVODY %UþLü.RVWLü GRNWRU ELRO ]QDQRVWL YLãL DVLVWHQW
'DPLU HUPLü PDJLVWDU ELRO ]QDQRVWL DVLVWHQW ]QDQVWYHQL QRYDN
*RUGDQD ýRJHOMD ýDMR GLSO LQå ELRO PODÿD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD
1HOOD /HUã GRNWRULFD ELRO ]QDQRVWL YLãD DVLVWHQWLFD
(ULND 6DODMâPLF GRNWRULFD NHP ]QDQRVWL ]QDQVWYHQD VDYMHWQLFD
äHOMNR 7UJRYþHYLü GRNWRU PHG ]QDQRVWL ]QDQVWYHQL VDYMHWQLN
7HKQLþNH VXUDGQLFH
%ODåHQND 'XPLü SHUDþLFD VXÿD  UDGQRJ YUHPHQD
0LUMDQD )LOLSRYLü WHKQLþDUND
0LUHOD .RVLQMVNL WHKQLþDUND  UDGQRJ YUHPHQD
6XUDGQLFD L] GUXJH XVWDQRYH
,YDQD ,YDQþLü GLSO LQå ELRO DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD 3ULURGRVORYQRPDWHPDWLþNL IDNXOWHW
6YHXþLOLãWD X =DJUHEX =DJUHE
3URJUDP UDGD L UH]XOWDWL QD WHPL
,]XþDYDPR XORJX 5HF%&' HQ]LPD X PHWDEROL]PX EDNWHULMH (VFKHULFKLD FROL 5HF%&' HQ]LP VXGMHOXMH
X KRPRORJQRM JHQHWLþNRM UHNRPELQDFLML SRSUDYNX '1$ RþXYDQMX YLMDELOQRVWL VWDQLFD L VWDELOQRVWL
SOD]PLGD 'D EL GRãOR GR JHQHWLþNH UHNRPELQDFLMH '1$ PRUD ELWL SUHQHVHQD L] MHGQH EDNWHULMH GRQRU
X GUXJX UHFLSLMHQW 3ULMHQRV '1$ PRåH VH RGYLMDWL QD WUL QDþLQD 7R VX WUDQVIRUPDFLMD WUDQVGXNFLMD L
NRQMXJDFLMD 2YH JRGLQH X QDãLP LVWUDåLYDQMLPD QDVWDYLOL VPR VH EDYLWL L]XþDYDQMHP PROHNXODUQRJ
PHKDQL]PD NRQMXJDFLMH 'REUR MH SR]QDWR GD NRQWDNW L]PHÿX VWDQLFD GRQRUD L UHFLSLMHQWD RPRJXüXMH
)IDNWRU ) SOD]PLG NRML VH QDOD]L X GRQRUX 8 GRQRUX ) SOD]PLG VH PRåH QDOD]LWL X GYD VWDQMD 8
MHGQRP RQ VH SRQDãD NDR DXWRQRPQL FLWRSOD]PDWVNL HOHPHQW ) EDNWHULMD 3UL NRQMXJDFLML RQ
VWLPXOLUD VYRM YODVWLWL SULMHQRV X UHFLSLMHQW ) SULMHQRV 8 GUXJRP DOWHUQDWLYQRP VWDQMX ) MH LQWHJULUDQ X
NURPRVRP +IU EDNWHULMD 3UL NRQMXJDFLML RQ RPRJXüXMH SULMHQRV EDNWHULMVNLK JHQD X UHFLSLMHQW +IU
SULMHQRV 'R GDQDV VH VPDWUDOR GD MH PROHNXODUQL PHKDQL]DP +IUSULMHQRVD LGHQWLþDQ SULMHQRVX )
SOD]PLGD 1DãL UH]XOWDWL PHÿXWLP SRND]XMX GD UHF% PXWDFLMD X +IU VWDQLFDPD GRYRGL GR VSHFLILþQLK





EDNWHULMD YLMDELOQRVW UHF% +IU PXWDQWD MH ]QDWQR PDQMD ,] +IU
GRQRUD PXWLUDQRJ X JHQX UHF% SUHQRVH VH ]D UD]OLNX RG GLYOMHJ WLSD +IU EDNWHULMD ]QDWQR NUDüL
IUDJPHQWL NURPRVRPDOQH '1$ X UHFLSLMHQW 3URGXNW UHF% JHQD WM HQ]LP 5HF%&' VXGMHOXMH X +IU
SULMHQRVX
5HVHDUFK SURJUDPPH DQG UHVXOWV
:H KDYH VWXGLHG WKH UROH RI 5HF%&' HQ]\PH LQ WKH PHWDEROLVP RI (VFKHULFKLD FROL 5HF%&' HQ]\PH
SDUWLFLSDWHV LQ KRPRORJRXV JHQHWLF UHFRPELQDWLRQ '1$ UHSDLU FHOO YLDELOLW\ DQG PDLQWHQDQFH RI WKH
SODVPLG '1$ LQ WKH EDFWHULDO F\WRSODVP $V D SUHOXGH WR JHQHWLF UHFRPELQDWLRQ '1$ PXVW EH
WUDQVIHUUHG IURP RQH EDFWHULDO FHOO GRQRU WR DQRWKHU UHFLSLHQW '1$ WUDQVIHU FDQ EH DFFRPSOLVKHG E\
WKUHH GLIIHUHQW PHFKDQLVPV 7KHVH DUH WUDQVIRUPDWLRQ WUDQVGXFWLRQ DQG FRQMXJDWLRQ 2XU
LQYHVWLJDWLRQV KDYH EHHQ IRFXVHG RQ WKH PROHFXODU PHFKDQLVP RI EDFWHULDO FRQMXJDWLRQ ,W LV ZHOO
NQRZQ WKDW FHOO FRQWDFW EHWZHHQ D GRQRU DQG D UHFLSLHQW LV PHGLDWHG E\ WKH ) VH[ IDFWRU ) SODVPLG
ZKLFK UHVLGHV LQ WKH GRQRU EDFWHULXP :LWKLQ LWV KRVW EDFWHULXP ) FDQ H[LVW LQ WZR GLIIHUHQW VWDWHV ,Q
RQH VWDWH LW EHKDYHV DV DQ DXWRQRPRXV F\WRSODVPLF HOHPHQW )

EDFWHULD $W FRQMXJDWLRQ LW
SURPRWHV LWV RZQ WUDQVIHU WR WKH UHFLSLHQW ) VHOIWUDQVPLVVLRQ ,Q LWV DOWHUQDWLYH VWDWHV ) LV LQWHJUDWHG
LQWR WKH FKURPRVRPH +IU EDFWHULD $W FRQMXJDWLRQ LW SURPRWHV WUDQVIHU RI WKH EDFWHULDO JHQHV WR WKH
UHFLSLHQW +IU WUDQVIHU ,W LV EHOLHYHG WKDW WKH PROHFXODU PHFKDQLVP RI +IU WUDQVIHU LV HVVHQWLDOO\ WKH
VDPH DV WKDW RI ) VHOIWUDQVPLVVLRQ 2XU UHVXOWV KRZHYHU VKRZHG WKDW UHF% PXWDWLRQ KDV VSHFLILF




FHOOV WKH YLDELOLW\ RI
UHF% +IU+ PXWDQW ZDV PXFK ORZHU &RPSDUHG ZLWK WKH ZLOGW\SH +IU+ WKH UHF% GHULYDWLYH GRQDWHG
PXFK VKRUWHU IUDJPHQWV RI WKH FKURPRVRPH WR WKH UHFLSLHQW ,W LV VXJJHVWHG WKDW UHF% JHQH SURGXFW
LH 5HF%&' HQ]\PH SDUWLFLSDWHV LQ +IU WUDQVIHU
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9RGLWHOMLFD WHPH GU VF 0LUMDQD 3HWUDQRYLü
7HO      HPDLO GLQD#UXGMHULUEKU
6XUDGQLFL QD WHPL
6HQND 'åLGLü GRNWRULFD ELRWHKQRO ]QDQRVWL YLãD DVLVWHQWLFD
0LUMDQD 3HWUDQRYLü GRNWRULFD NHP ]QDQRVWL YLãD ]QDQVWYHQD VXUDGQLFD
.VHQLMD 9ODKRYLü GRNWRULFD ELRO ]QDQRVWL YLãD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD
'DYRU =DKUDGND GRNWRU ELRO ]QDQRVWL YLãL DVLVWHQW ]QDQVWYHQL QRYDN
7HKQLþNH VXUDGQLFH
%ODåHQND 'XPLü SHUDþLFD  UDGQRJ YUHPHQD
0LUHOD .RVLQMVNL WHKQLþDUND  UDGQRJ YUHPHQD
3URJUDP UDGD L UH]XOWDWL QD WHPL
3URYHOL VPR JHQHWLþNX DQDOL]X UHNRPELQRJHQRVWL SURIDJD ODPEGD X EDNWHULMDPD (VFKHULFKLD FROL
R]UDþHQLP 89 VYMHWORP &LOM QDP MH ELR QD JHQHWLþNRM L PROHNXODUQRM UD]LQL NDUDNWHUL]LUDWL SURFHV NRML VH
GRJDÿD X R]UDþHQLP EDNWHULMDPD D NRML RQHVSRVREOMDYD SURIDJ ]D PMHVQRVSHFLILþQX UHNRPELQDFLMX V
EDNWHULMVNLP NURPRVRPRP WH ]D KRPRORJQX UHNRPELQDFLMX V LQILFLUDMXüLP IDJRP 3URQDãOL VPR L GD
MH ]D RSLVDQL SURFHV RGJRYRUQD KHOLND]QD DNWLYQRVW HQ]LPD 5HF%&' LL GD X SURFHVX VXGMHOXMX L
SURGXNWL JHQD UXY$ UXY% UXY& L UHF* LLL GD SURIDJ NRML JXEL VSRVREQRVW ]D UHNRPELQDFLMX RVWDMH
WUDQVNULSFLMVNL DNWLYDQ L LY GD MH SURFHV LQKLELFLMH UHNRPELQDFLMH RJUDQLþHQ QD R]UDþHQL EDNWHULMVNL

NURPRVRP D QH GRJDÿD VH X R]UDþHQRM FLWRSOD]PL 7DNRÿHU SURXþDYDPR XORJX JHQD UXY$ UXY% L
UXY& X UHJXODFLML VWDQLþQH GLREH NRG EDNWHULMH ( FROL 3URGXNWL RYLK JHQD WM SURWHLQL 5XY$ 5XY% L
5XY& WYRUH HQ]LPVNL NRPSOHNV UH]ROYDVRP NRML SUHYRGL UHNRPELQDFLMVNH PHÿXSURGXNWH +ROOLGD\HYH
VWUXNWXUH X ]UHOH UHNRPELQDQWQH PROHNXOH '1$ .RPELQLUDQRP XSRWUHERP ID]QRNRQWUDVWQH L
IOXRUHVFHQFLMVNH PLNURVNRSLMH SRND]DOL VPR GD PXWDFLMH X JHQLPD UXY$ UXY% L UXY& L]D]LYDMX
SRUHPHüDMH X VHJUHJDFLML NURPRVRPD L VWDQLþQRM GLREL WLMHNRP HNVSRQHQFLMDOQRJ UDVWD EDNWHULMD
6SRPHQXWL SRUHPHüDML ELOL VX SRVHEQR L]UDåHQL NRG PXWDQDWD UHF%& VEF%& UXY JGMH VX GR  
SRSXODFLMH þLQLOH ILODPHQWR]QH VWDQLFH V QHVHJUHJLUDQLP NURPRVRPLPD 8YRÿHQMH GRGDWQH PXWDFLMH X
JHQX UHF$ GRYHOR MH GR ]QDþDMQRJ SREROMãDQMD VHJUHJDFLMH NURPRVRPD L VWDQLþQH GLREH ,VWL XþLQDN
GRELYHQ MH SRMDþDQRP HNVSUHVLMRP JHQD UXV$ þLML SURGXNW VXGMHOXMH X DOWHUQDWLYQRP SXWX UH]ROXFLMH
UHNRPELQDFLMVNLK PHÿXSURGXNDWD 1D WHPHOMX GRELYHQLK UH]XOWDWD ]DNOMXþLOL VPR GD SRUHPHüDML X
RGMHOMLYDQMX NURPRVRPD L VWDQLþQRM GLREL UXY PXWDQDWD QDVWDMX NDR SRVOMHGLFD DERUWLYQRJ
UHNRPELQDFLMVNRJ SRSUDYND '1$ X þLMHP SRþHWQRP VWDGLMX VXGMHOXMH SURWHLQ 5HF$ 7DNRÿHU
SUHWSRVWDYOMDPR GD QHRGMHOMHQL NURPRVRPL X PXWDQWLPD UXY$ UXY% L UXY& SUHGVWDYOMDMX ]DSUHNX ]D
SURFHV VWDQLþQH GLREH
5HVHDUFK SURJUDPPH DQG UHVXOWV
*HQHWLF DQDO\VLV RI ODPEGD SURSKDJH UHFRPELQRJHQLFLW\ LQ 89LUUDGLDWHG (VFKHULFKLD FROL ZDV FDUULHG
RXW 7KH DLP ZDV WR FKDUDFWHUL]H RQ JHQHWLF DQG PROHFXODU OHYHO WKH SURFHVV WKDW WDNHV SODFH LQ
LUUDGLDWHG EDFWHULD DQG ZKLFK PDNHV WKH SURSKDJH LQFDSDEOH RI VLWHVSHFLILF UHFRPELQDWLRQ ZLWK
EDFWHULDO FKURPRVRPH DQG RI KRPRORJRXV UHFRPELQDWLRQ ZLWK WKH LQIHFWLQJ SKDJH :H KDYH IRXQG
WKH IROORZLQJ L WKH KHOLFDVH DFWLYLW\ RI 5HF%&' HQ]\PH LV UHVSRQVLEOH IRU WKH SURFHVV GHVFULEHG LL
WKH SURGXFWV RI UXY$ UXY% UXY& DQG UHF* JHQHV DUH DOVR LQYROYHG LQ WKLV SURFHVV LLL SURSKDJH
GHILFLHQW IRU UHFRPELQDWLRQ UHPDLQV WUDQVFULEDEOH LY LQKLELWLRQ RI UHFRPELQDWLRQ LV UHVWULFWHG WR WKH
LUUDGLDWHG EDFWHULDO FKURPRVRPH DQG GRHV QRW RFFXU LQ WKH LUUDGLDWHG EDFWHULDO F\WRSODVP :H KDYH
DOVR VWXGLHG WKH UROH RI UXY$ UXY% DQG UXY& JHQHV LQ UHJXODWLRQ RI FHOO GLYLVLRQ LQ ( FROL 7KH SURGXFWV
RI WKHVH JHQHV WKH 5XY$ 5XY% DQG 5XY& SURWHLQV IRUP DQ HQ]\PDWLF FRPSOH[ WKH UHVROYDVRPH
ZKLFK SURFHVVHV UHFRPELQDWLRQ LQWHUPHGLDWHV WKH +ROOLGD\ MXQFWLRQV LQWR PDWXUH UHFRPELQDQW '1$
PROHFXOHV %\ WKH XVDJH RI SKDVHFRQWUDVW DQG IOXRUHVFHQFH PLFURVFRS\ ZH KDYH IRXQG WKDW
PXWDWLRQV LQ UXY$ UXY% DQG UXY& JHQHV FDXVH FKURPRVRPH VHJUHJDWLRQ DQG FHOO GLYLVLRQ GHIHFWV LQ
H[SRQHQWLDOO\ JURZLQJ FHOOV 7KHVH GHIHFWV ZHUH H[WUHPHO\ SURQRXQFHG LQ UHF%& VEF%& UXY PXWDQWV
LQ ZKLFK DERXW   RI SRSXODWLRQ FRQVLVWHG RI ORQJ ILODPHQWV ZLWK XQVHJUHJDWHG FKURPRVRPHV %RWK
FKURPRVRPH VHJUHJDWLRQ DQG FHOO GLYLVLRQ ZHUH VLJQLILFDQWO\ LPSURYHG ZKHQ DGGLWLRQDO UHF$ PXWDWLRQ
ZDV LQWURGXFHG LQWR UXY& PXWDQWV 7KH VDPH HIIHFW ZDV REVHUYHG DIWHU WKH HOHYDWHG H[SUHVVLRQ RI WKH
UXV$ JHQH ZKRVH SURGXFW LV NQRZQ WR SDUWLFLSDWH LQ DQ DOWHUQDWLYH SDWKZD\ RI +ROOLGD\ MXQFWLRQ
UHVROXWLRQ )URP WKHVH UHVXOWV ZH LQIHU WKDW FKURPRVRPH VHJUHJDWLRQ DQG FHOO GLYLVLRQ GHIHFWV LQ UXY
PXWDQWV UHVXOW IURP WKH DERUWLYH UHFRPELQDWLRQ LQLWLDWHG E\ WKH 5HF$ SURWHLQ :H K\SRWKHVL]H WKDW
XQUHVROYHG FKURPRVRPHV H[HUW D QHJDWLYH HIIHFW RQ FHOO GLYLVLRQ SURFHVV
3RWLFDMQL SURMHNW X RNYLUX WHPH
8/2*$ 5(.20%,1$&,-( '1$ 8 5(*8/$&,-, 67$1,ý1( ',2%( .2' %$.7(5,-(
(6&+(5,&+,$ &2/,
7+( 52/( 2) '1$ 5(&20%,1$7,21 ,1 &(// ',9,6,21 5(*8/$7,21 ,1
(6&+(5,&+,$ &2/,
1RVLWHOM SURMHNWD GU VF 'DYRU =DKUDGND
678',- ),/2*(1(76., 6$ý89$1,+ , ,1'8675,-6., 9$ä1,+ *(1$
678'< 2) 3+</2*(1(7,&$//< &216(59(' $1' ,1'8675,$//<
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9RGLWHOMLFD WHPH GU VF 9HUD *DPXOLQ
7HO    HPDLO JDPXOLQ#UXGMHULUEKU

6XUDGQLFL QD WHPL
,YDQ $KHO GLSO LQå ELRO PODÿL DVLVWHQW ]QDQVWYHQL QRYDN
+HOHQD ûHWNRYLü PDJLVWULFD ELRO ]QDQRVWL DVLVWHQWLFD
6RQMD 'XUDMOLMD äLQLü GRNWRULFD ELRO ]QDQRVWL YLãD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD RG 
9HUD *DPXOLQ GRNWRULFD ELRO ]QDQRVWL ]QDQVWYHQD VDYMHWQLFD
/DGD /XNLü PDJLVWULFD ELRO ]QDQRVWL DVLVWHQWLFD
$QGUHMD 0LNRþ GRNWRULFD ELRO ]QDQRVWL YLãD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD
'XãLFD 9XMDNOLMD GRNWRULFD ELRWHKQRO ]QDQRVWL YLãD DVLVWHQWLFD
6XUDGQLFD L] GUXJH XVWDQRYH
-HOHQD äDIUDQ 1RYDN PDJLVWDU ELRO ]QDQRVWL DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD 3ULURGRVORYQR
PDWHPDWLþNL IDNXOWHW 6YHXþLOLãWH X =DJUHEX =DJUHE
3URJUDP UDGD L UH]XOWDWL QD WHPL
,VWUDåLYDQMD QD WHPL VX XVUHGRWRþHQD QD SURXþDYDQMH SULPDUQH VWUXNWXUH JHQRPVNH RUJDQL]DFLMH L
QDþLQD HNVSUHVLMH JHQD NRG VWUHSWRPLFHWD SRVHEQR EDNWHULMH 6WUHSWRP\FHV ULPRVXV , MDGUDQVNLK
VSXåDYD 6WUHSWRPLFHWL SUHGVWDYOMDMX QDM]QDþDMQLMX VNXSLQX LQGXVWULMVNLK PLNURRUJDQL]DPD GRN VX
VSXåYH QDMVWDULMH PQRJRVWDQLþQH åLYRWLQMH SD VX VWRJD QH]DRELOD]QH NRG ILORJHQHWVNLK VWXGLMD
,VWUDåLYDQMD QD VSXåYDPD VH SURYRGH X VXUDGQML VD 6YHXþLOLãWHP X 0DLQ]X 1MHPDþND 8 RNYLUX RYH
WHPH LVWUDåXMX VH WDNRÿHU L JHQL ]D SULRQVNL SURWHLQ 3U3 NRG UDVSORGQLK JRYHGD X +UYDWVNRM VXUDGQMD V
&HQWURP ]D UHSURGXNFLMX X VWRþDUVWYX +UYDWVNH NDR L JHQL ]D QRGXODFLMX NRG DXWRKWRQLK VRMHYD
EDNWHULMD L] URGD 5KL]RELXP
8 SURWHNORM VX JRGLQL QDVWDYOMHQD LVWUDåLYDQMD JHQD UHF$ L] EDNWHULMH 6WUHSWRP\FHV ULPRVXV WH MH
GHWDOMQR NDUDNWHUL]LUDQ L SURXþHQ UHF$ PXWDQW NRQVWUXLUDQ X ODERUDWRULMX $QDOL]LUDQ MH QDþLQ HNVSUHVLMH
JHQD UHF$ X KRPRORJQRP L KHWHURORJQRP VLVWHPX (VFKHULFKLD FROL GHILQLUDQL VX SURPRWRUL D
SURL]YHGHQD VX L YLVRNR VSHFLILþQD DQWLWLMHOD ]D SURWHLQ 5HF$ NRMD VX SRVOXåLOD ]D GHWHNFLMX SURWHLQD
ZHVWHUQ DQDOL]RP .ORQLUDQ MH L DQDOL]LUDQ GLR JHQD ]D MHGQX OLSD]X L] 6 ULPRVXV 3URXþDYDQ MH
KRUL]RQWDOQL SULMHQRV JHQD L]PHÿX EDNWHULMD L] URGD 6WUHSWRP\FHV L ( FROL PHWRGRP HOHNWURGXNFLMH
,VWUDåHQD MH ]DVWXSOMHQRVW 3U3 L 3U3 DOHOD SULRQVNRJ SURWHLQD NRG JRYHGD .ORQLUDQL VX L GMHORPLþQR
DQDOL]LUDQL JHQL QRG$ L QRG' L] GYD DXWRKWRQD VRMD EDNWHULMH 5 OHJXPLQRVDUXP 2GUHÿHQD MH VWUXNWXUD
0$3. NLQDVH S L] VSXåYH 6XEHULWHV GRPXQFXOD
.DR ]QDþDMQL XVSMHK X SURWHNORM JRGLQL WUHED QDYHVWL XVSRVWDYX UXWLQVNRJ UDGD QD DXWRPDWVNRP
VHNYHQDWRUX '1$ $/)H[SUHVV þLPH VX SRVWLJQXWL VYL XYMHWL RVLP VPMHãWDMQRJ ]D RWYDUDQMH SUYRJ
MDYQRJ VHUYLVD ]D VHNYHQFLRQLUDQMH '1$ X +UYDWVNRM
5HVHDUFK SURJUDPPH DQG UHVXOWV
7KLV SURMHFW GHDOV ZLWK WKH LQYHVWLJDWLRQ RI SULPDU\ VWUXFWXUH JHQRPLF RUJDQL]DWLRQ DQG PRGH RI WKH
H[SUHVVLRQ RI JHQHV LQ VWUHSWRP\FHWHV HVSHFLDOO\ 6WUHSWRP\FHV ULPRVXV DQG LQ VSRQJHV IURP
$GULDWLF 6HD 6WUHSWRP\FHWHV DUH WKH PRVW LPSRUWDQW LQGXVWULDO PLFURRUJDQLVPV DQG VSRQJHV WKH
ROGHVW PXOWLFHOOXODU DQLPDOV DUH YHU\ LPSRUWDQW IRU SK\ORJHQHWLF VWXGLHV *HQHV IURP VSRQJHV DUH
VWXGLHG LQ FROODERUDWLRQ ZLWK -RKDQQHV *XWHQEHUJ 8QLYHUVLW\ LQ 0DLQ] *HUPDQ\ *HQHV HQFRGLQJ
SULRQ SURWHLQ 3U3 LQ EUHHGHU EXOOV DQG LQGLJHQRXV FDWWOH EUHHGV DUH FXUUHQWO\ DOVR XQGHU VWXG\ DV ZHOO
DV QRGXODWLRQ JHQHV QRG$ DQG QRG' IURP WZR ORFDO LVRODWHV RI 5KL]RELXP OHJXPLQRVDUXP
7KH UHF$ JHQH IURP 6 ULPRVXV DQG 6 ULPRVXV UHF$ VWUDLQ GHILFLHQW LQ WKH V\QWKHVLV RI 5HF$ SURWHLQ
KDYH EHHQ FKDUDFWHUL]HG LQ GHWDLOV ([SUHVVLRQ RI WKH UHF$ JHQH ZDV VWXGLHG LQ KRPRORJRXV DQG LQ
KHWHURORJRXV ( FROL V\VWHP DQG H[DFW WUDQVFULSWLRQ VWDUWV ZHUH GHWHUPLQHG LQ ERWK KRVWV 5HF$
VSHFLILF SRO\FORQDO DQWLERGLHV ZHUH SUHSDUHG DQG XVHG IRU GHWHFWLRQ RI WKH SURWHLQ E\ ZHVWHUQ DQDO\VLV
:H DOVR FORQHG DQG DQDO\]HG SDUW RI WKH JHQH IRU RQH OLSDVH IURP 6 ULPRVXV +RUL]RQWDO JHQH WUDQVIHU
EHWZHHQ VWUHSWRP\FHWHV DQG ( FROL LQGXFHG E\ HOHFWULF VKRFN ZDV DQDO\]HG LQ GHWDLOV )UHTXHQFLHV
RI 3U3 DQG 3U3 DOOHOHV LQ EUHHGLQJ EXOOV LQ &URDWLD ZHUH GHWHUPLQHG QRG$ DQG QRG' JHQHV IURP
WZR ORFDO LVRODWHV RI 5 OHJXPLQRVDUXP ZHUH FORQHG DQG SDUWLDOO\ DQDO\]HG 6WUXFWXUH RI 0$3. NLQDVH
S IURP VSRQJH 6XEHULWHV GRPXQFXOD ZDV GHWHUPLQHG

$Q DXWRPDWLF '1$ VHTXHQFHU $/)H[SUHVV LV QRZ URXWLQHO\ RSHUDWLQJ LQ WKH ODERUDWRU\ DQG ZH DUH
SUHSDUHG WR RSHQ WKH ILUVW SXEOLF VHUYLFH IRU '1$ VHTXHQFLQJ LQ &URDWLD
6758.785$ , )81.&,-$ )2726,17(76.2* $3$5$7$
6758&785( $1' )81&7,21 2) 3+2726<17+(7,& $33$5$786
9RGLWHOM WHPH GU VF 1LNROD /MXEHãLü
7HO     HPDLO OMXEHVLF#UXGMHULUEKU
6XUDGQLFL QD WHPL
+UYRMH )XOJRVL GRNWRU ELRO ]QDQRVWL DVLVWHQW ]QDQVWYHQL QRYDN
1LNROD /MXEHãLü GRNWRU ELRO ]QDQRVWL YLãL ]QDQVWYHQL VXUDGQLN
7DWMDQD 3UHEHJ GLSO LQå ELRO PODÿD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD
=GHQNR 7NDOþHF GLSO LQå ELRO PODÿL DVLVWHQW ]QDQVWYHQL QRYDN
9DQMVND VXUDGQLFD /DERUDWRULMD ]D HOHNWURQVNX PLNURVNRSLMX
0HUFHGHV :ULVFKHU GRNWRULFD ELRO ]QDQRVWL ]QDQVWYHQD VDYMHWQLFD X PLURYLQL
3URJUDP UDGD L UH]XOWDWL QD WHPL
7HPD REXKYDüD LVWUDåLYDQMD VWUXNWXUQLK L IXQNFLMVNLK SURPMHQD WLMHNRP GLIHUHQFLMDFLMH SODVWLGD NDR L
XWMHFDMD WYDUL UDVWHQMD L VSHFLILþQLK KHUELFLGD QD WH SURFHVH 3UDüHQH VX XOWUDVWUXNWXUQH SURPMHQH
SODVWLGD X VXVWDYLPD OHXNRSODVW DPLORSODVW  NORURSODVW OHXNRSODVW  NORURSODVW  NURPRSODVW WH
NORURSODVW  JHURQWRSODVW 3ULPMHQRP RGUHÿHQLK WYDUL UDVWHQMD XWYUÿHQR MH X NRMRM PMHUL RQH XWMHþX QD
SRMHGLQH VWDGLMH X SUHWYRUEL SODVWLGD .RULVWHüL VSHFLILþQH KHUELFLGH ]DNRþHQD MH GLIHUHQFLMDFLMD SODVWLGD
ãWR MH RPRJXüLOR VWXGLM QDþLQD L PMHVWR QMLKRYRJ LQKLELWRUQRJ GMHORYDQMD 3UDüHQ MH WLMHN VLQWH]H
SRMHGLQLK SURWHLQVNLK NRPSOHNVD X IRWRVLQWHWVNLP PHPEUDQDPD WLMHNRP IRUPLUDQMD IRWRVLQWHWVNL DNWLYQLK
NORURSODVWD 8VSRUHGR V WLP LVWUDåHQH VX SURPMHQH XOWUDVWUXNWXUH L VDVWDYD SLJPHQDWD WLMHNRP
IRUPLUDQMD UD]OLþLWLK WLSRYD NURPRSODVWD 8 VNORSX WHPH L]XþDYDQL VX PHKDQL]QL UHJXODFLMH IRWRVLQWH]H L
SODVWLGQLK SUHWYRUEL WH VX L] OXPHQD WLODNRLGD L WLODNRLGQLK PHPEUDQD L]ROLUDQH QRYH NRPSRQHQWH VOLþQH
LPXQRILOLQLPD L WHWUDWULNRSHSWLGLPD
5HVHDUFK SURJUDPPH DQG UHVXOWV
7KH SURMHFW FRPSULVHV WKH LQYHVWLJDWLRQ RI VWUXFWXUDO DQG IXQFWLRQDO FKDQJHV GXULQJ SODVWLG
GLIIHUHQWLDWLRQ DQG WKH HIIHFW RI JURZWK VXEVWDQFHV DQG VSHFLILF KHUELFLGHV RQ WKHVH SURFHVVHV
8OWUDVWUXFWXUDO FKDQJHV RI SODVWLGV ZHUH VWXGLHG RQ WKH IROORZLQJ V\VWHPV OHXFRSODVW DP\ORSODVW 
FKORURSODVW OHXFRSODVW  FKORURSODVW  FKURPRSODVW DQG FKORURSODVW  JHURQWRSODVW ,W KDV EHHQ
HVWDEOLVKHG DV WR ZKDW H[WHQG VRPH JURZWK VXEVWDQFHV LQIOXHQFH GLIIHUHQW VWDJHV RI WKHVH
WUDQVIRUPDWLRQV %\ DSSO\LQJ VSHFLILF KHUELFLGHV WKH SODVWLG GLIIHUHQWLDWLRQ KDV FKDQJHG DQG LQ WKLV
ZD\ WKH PRGH RI WKHLU LQKLELWLRQ GHWHUPLQHG 7KH V\QWKHVLV RI VSHFLILF SURWHLQ FRPSOH[HV RI
SKRWRV\QWKHWLF DSSDUDWXV GXULQJ GHYHORSPHQW RI FKORURSODVWV IURP WKH RWKHU SODVWLG W\SHV DV ZHOO DV
WKH SKRWRV\QWKHWLF DFWLYLW\ RI WKH PHPEUDQHV ZHUH VWXGLHG 3DUDOOHO ZLWK WKLV ZRUN ZH H[DPLQHG WKH
FKDQJHV LQ WKH SLJPHQW FRPSRVLWLRQ RI SKRWRV\QWKHWLF PHPEUDQHV DQG RI VSHFLILF FKURPRSODVW
VWUXFWXUHV 1HZ WK\ODNRLG DX[LOLDU\ FRPSRQHQWV LQYROYHG LQ UHJXODWLRQ DQG VHQVLQJ RI SKRWRV\QWKHVLV
KDYH DOVR EHHQ FKDUDFWHULVHG LQ WKH VFRSH RI WKLV UHVHDUFK 7KHVH FRPSRQHQWV VKRZ VWULNLQJ VLPLODULW\
WR LPPXQRSKLOLQV DQG WHWUDWULFRSHSWLGH UHSHDW FRQWDLQLQJ SURWHLQV

3RWLFDMQL SURMHNW X RNYLUX WHPH
5(*8/$&,-$ )2726,17(=( ,0812),/,120 7/3
5(*8/$7,21 2) 3+2726<17+(6,6 %< 7/3 ,008123+,/,1
1RVLODF SURMHNWD GU VF +UYRMH )XOJRVL
25*$1,=$&,-$ , (92/8&,-$ (8.$5,276.2* *(120$
25*$1,=$7,21 $1' (92/87,21 2) (8.$5<27,& *(120(
9RGLWHOMLFD WHPH GU VF XUÿLFD 8JDUNRYLü
7HO     HPDLOXJDUNRY#UXGMHULUEKU
6XUDGQLFL QD WHPL
%UDQND %UXYR PDJLVWULFD ELRO ]QDQRVWL DVLVWHQWLFD
7RPLVODY 'RPD]HW/RãR GLSO LQå ELRO PODÿL DVLVWHQW ]QDQVWYHQL QRYDN
6RQMD 'XUDMOLMD äLQLü GRNWRULFD ELRO ]QDQRVWL YLãD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD GR 
1HYHQND 0HãWURYLü GRNWRULFD ELRO ]QDQRVWL YLãD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD
%UDQNLFD 0UDYLQDF GLSO LQå ELRO PODÿD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD
0LURVODY 3ORKO GRNWRU ELRO ]QDQRVWL YLãL ]QDQVWYHQL VXUDGQLN
XUÿLFD 8JDUNRYLü GRNWRULFD NHP ]QDQRVWL ]QDQVWYHQD VDYMHWQLFD
6XUDGQLFL L] GUXJLK XVWDQRYD
0DUWLQD 3RGQDU GLSO LQå ELRO ]QDQVWYHQD QRYDNLQMD +UYDWVNL SULURGRVORYQL PX]HM =DJUHE
'DPMDQ )UDQMHYLü GLSO LQå ELRO PODÿL DVLVWHQW ]QDQVWYHQL QRYDN 3ULURGRVORYQRPDWHPDWLþNL IDNXOWHW
6YHXþLOLãWD X =DJUHEX =DJUHE
3URJUDP UDGD L UH]XOWDWL QD WHPL
8]DVWRSQR SRQRYOMHQH VHNYHQFH LOL VDWHOLWVNH '1$ VX VDVWDYQL GLR VYDNRJ HXNDULRWVNRJ JHQRPD
8QDWRþ WRPX ãWR þHVWR L]JUDÿXMX YLãH RG  JHQRPVNH '1$ IXQNFLMD NDR L HYROXFLMD VDWHOLWVNLK
VHNYHQFL VODER MH LVWUDåHQD 6 RE]LURP GD VH VDVWDY VDWHOLWVNLK VHNYHQFL XJODYQRP UD]OLNXMH YHü
L]PHÿX EOLVNR VURGQLK YUVWD SUHWSRVWDYOMD VH GD LPDMX YDåQX XORJX X VSHFLMDFLML WM X QDVWDQNX QRYLK
YUVWD &LOM RYRJ SURJUDPD MH SURXþDYDQMH HYROXFLMH RUJDQL]DFLMH L VWUXNWXUH VDWHOLWVNLK '1$ QD PRGHOX
NXNDFD NRUQMDãD L] SRURGLFH 7HQHEULRQLGDH &ROHRSWHUD 2YL NXNFL VDGUåH YHOLNX NROLþLQX VDWHOLWVNH
'1$ GR  XNXSQRJ JHQRPD NRMD MH X SUDYLOX VPMHãWHQD X SRGUXþMX FHQWURPHUQRJ KHWHURNURPDWLQD
VYLK NURPRVRPD .XNFL RYH SRURGLFH VX ]QDþDMQL ãWHWQLFL X VNODGLãWLPD KUDQH SD SURXþDYDQMH
RUJDQL]DFLMH L VWUXNWXUH JHQRPD PRåH QDüL SULPMHQX X ELRORãNRM NRQWUROL YHOLþLQH QMLKRYLK SRSXODFLMD
2SLVDQ MH QRYL UDVSUãHQL WLS RUJDQL]DFLMH VDWHOLWVNLK '1$ X KHWHURNURPDWLQX QD SULPMHUX YUVWH
7ULEROLXP PDGHQV 7DM WLS RUJDQL]DFLMH NDUDNWHUL]LUD SRVWRMDQMH UHODWLYQR NUDWNLK KRPRJHQLK QL]RYD
SRMHGLQDþQLK VDWHOLWVNLK '1$ 1L]RYL UD]OLþLWLK VDWHOLWVNLK '1$ VX PHÿXVREQR L]PLMHãDQL WYRUHüL
PR]DLþQX VWUXNWXUX 7DNDY REOLN RUJDQL]DFLMH KHWHURNURPDWLQD MH UD]OLþLW RG GR VDGD RSLVDQLK JGMH MH
VYDND VDWHOLWVND '1$ RUJDQL]LUDQD X GXJLP RGYRMHQLP GRPHQDPD $QDOL]RP JHQD ]D FLWRNURP
RNVLGD]X , &2, PLWRKRQGULMVNH '1$ RGUHÿHQD MH ILORJHQLMD NXNDFD URGD 3DORUXV L SURFLMHQMHQR YULMHPH
QMLKRYRJ RGYDMDQMD *ODYQD VDWHOLWVND '1$ SULVXWQD X YHOLNRP EURMX NRSLMD X MHGQRM YUVWL QDOD]L VH
GREUR VDþXYDQD X PDORP EURMX NRSLMD X VYDNRM RG LVSLWDQLK EOLVNR VURGQLK YUVWD 8]HYãL X RE]LU YULMHPH
RGYDMDQMD RYLK YUVWD PRåH VH ]DNOMXþLWL NDNR MH HYROXFLMD VDWHOLWVNLK '1$ X SUYRP UHGX UH]XOWDW
SURPMHQH X EURMX NRSLMD GRN MH HYROXFLMD QXNOHRWLGQH VHNYHQFH L]QHQDÿXMXüH VSRUD 1DVWDYOMHQD MH
VXUDGQMD V +UYDWVNLP SULURGRVORYQLP PX]HMRP X =DJUHEX X RNYLUX NRMH VX PHWRGRP QDVXPLþQLK NOLFD
5$3' L DQDOL]RP PLWRKRQGULMVNH '1$ NDUDNWHUL]LUDQH SRSXODFLMH NRSQD L MDGUDQVNLK RWRND JXãWHULFD
3RGDUFLV VLFXOD L 3RGDUFLV PHOOLVHOHQVLV

5HVHDUFK SURJUDPPH DQG UHVXOWV
7DQGHPO\ UHSHDWHG '1$ VHTXHQFHV RU VDWHOOLWH '1$V UHSUHVHQW FRQVWLWXWLYH SDUW RI DOO HXNDU\RWLF
JHQRPHV $OWKRXJK WKH\ RIWHQ EXLOG PRUH WKDQ  RI WKH WRWDO JHQRPLF '1$ WKHLU IXQFWLRQ DQG
HYROXWLRQ LV SRRUO\ XQGHUVWRRG 6LQFH VDWHOOLWH '1$V GLIIHU VXEVWDQWLDOO\ LQ QXFOHRWLGH VHTXHQFHV HYHQ
DPRQJ FORVHO\ UHODWHG VSHFLHV WKHLU UROH LQ WKH VSHFLDWLRQ SURFHVV KDV EHHQ SURSRVHG 7KH DLP RI WKH
SURMHFW LV WKH VWXG\ RI HYROXWLRQ RUJDQL]DWLRQ DQG VWUXFWXUH RI VDWHOOLWH '1$V LQ LQVHFW VSHFLHV
EHORQJLQJ WR WKH IDPLO\ 7HQHEULRQLGDH &ROHRSWHUD 7KHVH VSHFLHV KDYH KLJK DPRXQW RI VDWHOOLWH
'1$V XS WR  RI WKH ZKROH JHQRPH ORFDWHG LQ WKH UHJLRQ RI SHULFHQWURPHULF KHWHURFKURPDWLQ RI
DOO FKURPRVRPHV ,QVHFWV IURP WKH IDPLO\ 7HQHEULRQLGDH DUH NQRZQ DV VWRUH SURGXFW SHVWV DQG VWXG\
RI JHQRPH RUJDQL]DWLRQ DQG VWUXFWXUH FRXOG EH UHOHYDQW IRU HIILFLHQW ELRORJLFDO FRQWURO RI SRSXODWLRQ
VL]H $ QRYHO LQWHUVSHUVHG W\SH RI RUJDQL]DWLRQ RI VDWHOOLWH '1$V LQ KHWHURFKURPDWLQ KDV EHHQ
GHVFULEHG XVLQJ 7ULEROLXP PDGHQV DV D PRGHO VSHFLHV 7KLV W\SH RI RUJDQL]DWLRQ LV FKDUDFWHUL]HG E\
H[LVWHQFH RI UHODWLYHO\ VKRUW KRPRJHQHRXV DUUD\V RI VLQJOH VDWHOOLWH '1$ 7KH DUUD\V RI GLIIHUHQW
VDWHOOLWH '1$V DUH PXWXDOO\ KLJKO\ LQWHUVSHUVHG IRUPLQJ D PRVDLF VWUXFWXUH 7KLV SDWWHUQ RI
KHWHURFKURPDWLQ RUJDQL]DWLRQ LV GLIIHUHQW IURP WKDW DQDO\]HG XS WR QRZ LQ ZKLFK HYHU\ VDWHOOLWH LQ
KHWHURFKURPDWLQ LV RUJDQL]HG LQ ODUJH VHSDUDWH GRPDLQV 3K\ORJHQHWLF DQDO\VLV RI 3DORUXV VSHFLHV KDV
EHHQ SHUIRUPHG XVLQJ PLWRFKRQGULDO &\WRFKURPH 2[LGDVH , &2, JHQH DQG WKH WLPH RI VSHFLHV
GLYHUJHQFH KDV EHHQ HVWLPDWHG 0DMRU VDWHOOLWH '1$ SUHVHQW DV KLJKFRS\QXPEHU LQ RQH VSHFLHV
ZDV GHWHFWHG DV ORZFRS\QXPEHU KLJKO\ FRQVHUYHG VHTXHQFH LQ HDFK RI DQDO\]HG VSHFLHV
&RQVLGHULQJ WKH WLPH RI VSHFLDWLRQ RI 3DORUXV VSHFLHV LW FDQ EH FRQFOXGHG WKDW WKH HYROXWLRQ RI VDWHOOLWH
VHTXHQFHV LV LQ WKH ILUVW LQVWDQFH HYROXWLRQ RI FRS\ QXPEHU ZKLOH WKH HYROXWLRQ RI QXFOHRWLGH
VHTXHQFHV LV XQH[SHFWHGO\ VORZ ,Q WKH FRQWLQXLQJ FRRSHUDWLRQ ZLWK &URDWLDQ 1DWXUDO 0XVHXP LQ
=DJUHE 5$3' WHFKQLTXH DQG PLWRFKRQGULDO '1$ DQDO\VLV DUH XVHG LQ RUGHU WR GLVWLQJXLVK SRSXODWLRQV
IURP $GULDWLF LVODQGV DQG WKH PDLQODQG RI OL]DUGV 3RGDUFLV VLFXOD DQG 3RGDUFLV PHOOLVHOHQVLV
3RWLFDMQL SURMHNWL X RNYLUX WHPH
02/(.8/$51, %,/-(=, 8 2'5(,9$1-8 9567$ 8187$5 52'$ 3,0(/,$
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9RGLWHOM WHPH GU VF %UDQNR %UGDU
7HO     HPDLO EUGDU#UXGMHULUEKU
6XUDGQLFL QD WHPL
%UDQNR %UGDU GRNWRU NHP ]QDQRVWL ]QDQVWYHQL VDYMHWQLN
0LOHQD %XãLü GLSO LQå ELRO PODÿD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD
0DUFHOD ýRYLü GLSO LQå ELRO PODÿD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD
0DMD 0DWXOLü GRNWRULFD ELRO ]QDQRVWL YLãD DVLVWHQWLFD
,YLFD 5XEHOM GRNWRU ELRO ]QDQRVWL YLãL DVLVWHQW

3URJUDP UDGD L UH]XOWDWL QD WHPL
 7HKQRORJLMRP UHNRPELQDQWQH '1$ NRQVWUXLUDQL VX
 IX]LMVNL SURWHLQ PLNURSOD]PLQRJHQD L VWUHSWRNLQD]H NRML HNVSULPLUDQ X 3LFKLDL SDVWRULV SRND]XMH
L]PMHQMHQX VXSVWUDWQX VSHFLILþQRVW X RGQRVX QD URGLWHOMVNH SURWHLQH
 FLVWHLQRP RERJDüHQD PLNURXURNLQD]D V PXWDFLMDPD (& 7& LOL /& NRMD QDNRQ HNVSUHVLMH X
HNVSUHVLMVNRP VLVWHPX 3LFKLMH SDVWRULV SRND]XMH SURWHROLWLþNX DNWLYQRVW NDR L GLYOML WLS XURNLQD]H
.RPSDUDWLYQLP MH SURWHLQVNLP PRGHOLUDQMHP XVWDQRYOMHQR GD FLVWHLQVNH VXSVWLWXFLMH QLVX X]URNRYDOH
PMHUOMLYH NRQIRUPDFLMVNH SURPMHQH X PLNURXURNLQD]L V RE]LURP QD NDWDOLWLþNL FHQWDU
 2SLVDOL VPR HNVSHULPHQWDOQL VLVWHP ]D LUHYHU]LELOQX LQKLELFLMX UHSOLNDFLMH PHQJRYLUXVD X VWDQLþQLP
NXOWXUDPD NRML VH VDVWRML RG GYD SLURORSLULPLGLQVND QXNOHR]LGQD DQDORJD EURPRWXEHUFLGLQD %U7X L
WXEHUFLGLQD 7X %U7X MH SRWHQWQL LQKLELWRU DGHQR]LQ NLQD]H NRML X PDOLP NRQFHQWUDFLMDPD EORNLUD
IRVIRULODFLMX 7XD L ãWLWL QHLQILFLUDQH VWDQLFH RG LUHYHU]LELOQRJ FLWRWRNVLþQRJ XþLQND NDR SRVOMHGLFRP
XJUDGQMH 7XD X QXNOHLQVNH NLVHOLQH 6XSURWQR WRPH %U7X QLMH X VWDQLFDPD LQILFLUDQLPD PHQJRYLUXVRP
SRWSXQR LQKLELUDR XJUDGQMX 7XD X PHQJRYLUXVQX 51$ ãWR MH GRYHOR GR SUHNLGD UD]YRMQRJ FLNOXVD
YLUXVD 6WDQLþQH NXOWXUH L]OLMHþHQH RG PHQJRYLUXVQH LQIHNFLMH RGUåDYDQH VX L SUHVDÿLYDQH NUR]
QHNROLNR WMHGDQD D GD QLVX SURL]YRGLOH YLUXV QL SRND]LYDOH FLWRSDWRJHQL XþLQDN
 ,]UDÿHQ MH WHRUHWVNL PRGHO NRMLP VH PRJX REMDVQLWL IHQRPHQL QDVXPLþQRVWL L ELPRGDOQH GLVWULEXFLMH
NORQDOQRJ UDVWD WLMHNRP VWDQLþQRJ VWDUHQMD 0RGHO SUHGYLÿD SRVWHSHQR L QDJOR VNUDüLYDQMH WHORPHUD
NRMH X]URNXMX QHSUHGYLGLYR L QDJOR VWDQLþQR VWDUHQMH .RPSMXWHUVNL MH VWLPXOLUDQ 6PLWK:KLWQH\
HNVSHULPHQW L GRELYHQL UH]XOWDWL SRWYUÿXMX LVSUDYQRVW PRGHOD 1D RVQRYL LQWHJULUDQLK HNVSHULPHQWDOQLK
UH]XOWDWD SR SUYL SXWD MH L]UDþXQDWR NROLNR VH SXWD LQGLYLGXDOQH VWDQLFH SRGLMHOH WLMHNRP VWDUHQMD
NXOWXUH
 ,VSLWLYDQ MH XþLQDN 1DVDOLFLODWD QD DNWLYDFLMX SURPRWRUD XURNLQD]QRJ SOD]PLQRJHQ DNWLYDWRUD X3$
X WUDMQRM VWDQLþQRM OLQLML JOLREODVWRPD WH RGUHÿLYDQL VLJQDOQL SXWHYL NRML EL PRJOL VXGMHORYDWL X WRM
DNWLYDFLML 8VWDQRYOMHQR MH GD VH X3$ SURPRWRUL YHOLþLQH  WH  NE NRML VDGUåH MHGQR RGQRVQR GYD
$33($ YH]QD PMHVWD SRGMHGQDNR GREUR DNWLYLUDMX VDOLFLODWRP 8 VDOLFLODWRP LQGXFLUDQRM VLQWH]L
X3$ L]JOHGD GD QH VXGMHOXMX VLJQDOQL SXWHYL NRML XNOMXþXMX 1)% WH 0$3 NLQDVH (5. -1. L S QHJR
VH RQD RGYLMD VLJQDOQLP SXWHP NRML MH QHRYLVDQ R 1)%X
5HVHDUFK SURJUDPPH DQG UHVXOWV
 %\ XVLQJ UHFRPELQDQW '1$ WHFKQRORJ\ ZH FORQHG IROORZLQJ FRQVWUXFWV
 WKH IXVLRQ SURWHLQ EHWZHHQ PLFURSODVPLQRJHQ DQG VWUHSWRNLQDVH WKDW ZH H[SUHVVHG LQ 3LFKLD SDVWRULV
ZDV IRXQG WR KDYH WKH VXEVWUDWH VSHFLILFLW\ GLIIHUHQW IURP WKDW RI HLWKHU SDUHQW SURWHLQ
 F\VWHLQ HQULFKHG KXPDQ PLFURXURNLQDVH ZLWK WKH PXWDWLRQV (& 7& RU /& ZKLFK DIWHU
H[SUHVVLRQ LQ WKH 3LFKLD SDVWRULV H[SUHVVLRQ V\VWHP H[HUWHG SURWHRO\WLF DFWLYLW\ FRPSDUDEOH WR WKDW RI
WKH ZLOG W\SH XURNLQDVH $V GHWHUPLQHG E\ FRPSDUDWLYH SURWHLQ PRGHOOLQJ F\VWHLQ VXEVWLWXWLRQV GLG
QRW FDXVH PHDVXUDEOH FRQIRUPDWLRQDO FKDQJHV LQ PLFURXURNLQDVH ZLWK UHJDUG WR LWV FDWDO\WLF WULDG
 :H GHVFULEHG WKH VHOHFWLYH LUUHYHUVLEOH LQDFWLYDWLRQ RI UHSOLFDWLQJ PHQJRYLUXV LQ FXOWXUHG FHOOV E\ D
FRPELQDWLRQ RI S\UURORS\ULPLGLQH QXFOHRVLGH DQDORJXHV EURPRWXEHUFLGLQ %U7X DQG WXEHUFLGLQ 7X
%U7X LV D SRWHQW LQKLELWRU RI DGHQRVLQH NLQDVH DQG DW ORZ FRQFHQWUDWLRQV EORFNHG SKRVSKRU\ODWLRQ RI
WR[LF 7X DQG WKXV SURWHFWHG XQLQIHFWHG FHOOV DJDLQVW LUUHYHUVLEOH F\WRWR[LFLW\ UHVXOWLQJ IURP 7X
LQFRUSRUDWLRQ LQWR QXFOHLF DFLGV ,Q FRQWUDVW LQ PHQJRYLUXVLQIHFWHG FHOOV %U7X GLG QRW FRPSOHWHO\
LQKLELW 7X LQFRUSRUDWLRQ LQWR PHQJRYLUXV 51$ DOORZLQJ WKH IRUPDWLRQ RI IXQFWLRQDOO\ GHIHFWLYH
SRO\QXFOHRWLGHV WKDW DERUWHG WKH YLUXV JURZWK F\FOH 7KH FXOWXUHV WKXV FXUHG RI PHQJRYLUXV LQIHFWLRQ
FRXOG EH PDLQWDLQHG DQG WUDQVIHUUHG IRU VHYHUDO ZHHNV GXULQJ ZKLFK WKH\ GLG QRW SURGXFH GHWHFWDEOH
YLUXV
 :H SURSRVHG DEUXSW WHORPHUH VKRUWHQLQJ $76 DV D PRGHO IRU VWRFKDVWLF QDWXUH RI FHOOXODU DJHLQJ
DQG WKH PHFKDQLVP WKDW XQGHUOLQH VXGGHQ VHQHVFHQFH V\QGURPH 666 $ PDWKHPDWLFDO PRGHOOLQJ
DQG FRPSXWHU VLPXODWLRQ EDVHG RQ $76 KDV EHHQ SHUIRUPHG DQG UHVXOWV VWURQJO\ VXJJHVW $76 DV D
PHFKDQLVP LQYROYHG LQ FHOOXODU DJHLQJ %DVHG RQ LQWHJUDWHG H[SHULPHQWDO UHVXOWV IRU WKH ILUVW WLPH ZH
FDOFXODWHG WKH QXPEHU RI FHOO JHQHUDWLRQV &* IRU KXPDQ GLSORLG ILEUREODVWV LQ YLWUR
 :H H[DPLQHG WKH DFWLYDWLRQ RI XURNLQDVHW\SH SODVPLQRJHQ DFWLYDWRU X3$ SURPRWHU E\ VRGLXP
VDOLF\ODWH LQ D JOLREODVWRPD FHOO VWUDLQ DQG LQYHVWLJDWHG VRPH VLJQDOLQJ SDWKZD\V WKDW PLJKW EH
LQYROYHG LQ WKLV DFWLYDWLRQ :H REVHUYHG WKDW  DQG  NE X3$ SURPRWHUV FRQWDLQLQJ D VLQJOH RU WZR
$33($ ELQGLQJ VLWHV UHVSHFLYHO\ ZHUH ERWK DFWLYDWHG E\ VDOLF\ODWH DV GHWHUPLQHG E\ &$7 DVVD\
7KLV VDOLF\ODWH PHGLDWHG DFWLYDWLRQ RI X3$ DSSHDUV QRW WR EH UHJXODWHG WKURXJK WKH VLJQDOLQJ SDWKZD\V
LQYROYLQJ 1)% DQG 0$3 NLQDVHV (5. -1. DQG S EXW UDWKHU WKURXJK VRPH 1)%LQGHSHQGHQW
SDWKZD\V

3RWLFDMQL SURMHNW X RNYLUX WHPH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9RGLWHOMLFD WHPH GU VF 0DMD 2VPDN
7HO    HPDLORVPDN#UXGMHULUEKU
6XUDGQLFL QD WHPL
$QGUHMD $PEULRYLü 5LVWRY GRNWRULFD ELRO ]QDQRVWL YLãD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD
$QDPDULD %UR]RYLü GLSO LQJ ELRO PODÿD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD
$QD )HUOH9LGRYLü GRNWRULFD PHG ]QDQRVWL ]QDQVWYHQD VDYMHWQLFD
XUÿLFD 1RYDN'HVSRW GRNWRULFD PHG ]QDQRVWL ]QDQVWYHQD VXUDGQLFD
0DMD 2VPDN GRNWRULFD ELRO ]QDQRVWL ]QDQVWYHQD VDYMHWQLFD
/LGLMD 9XNRYLü GLSO LQJ ELRO PODÿD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD
7HKQLþNH VXUDGQLFH
/MLOMDQD .UDMFDU VDPRVWDOQD WHKQLþDUND
%DULFD 0RþLERE SHUDþLFD VXÿD
3URJUDP UDGD L UH]XOWDWL QD WHPL
1DVWDYLOL VPR LVWUDåLYDQMD R RGJRYRUX VWDQLFD QD JHQRWRNVLQH 6WDQLþQL RGJRYRU MH YUOR VORåHQ SURFHV
WHN GMHORPLþQR SR]QDW NRMH VH WHPHOML QD LQGXNFLML QL]D JHQD $NR VH VWDQLFH RSHWRYDQR L]ODåX LVWRP
JHQRWRNVLQX XVOLMHG DNWLYDFLMH VSHFLILþQLK JHQD LLOL VHOHNFLMH EROMH SULODJRÿHQLK VWDQLFD PRåH VH GRELWL
RWSRUQD SRSXODFLMD VWDQLFD &LOM QDãLK LVWUDåLYDQMD MH L]XþDYDQMH PROHNXODUQLK SURPMHQD QDVWDOLK X
WDNYLP VWDQLFDPD 1DYHVW üHPR JODYQH UH]XOWDWH GRELYHQH WLMHNRP  JRGLQH
3R SUYL SXW X OLWHUDWXUL SRND]DOL VPR GD SRVWRML YH]D L]PHÿX RWSRUQRVWL QD FLWRVWDWLNH L SRYHüDQH
NRQFHQWUDFLMH WXPRUVNLK ELOMHJD ]D LQYD]LYQRVWL L PHWDVWD]LUDQMH 6YDND RG VHGDP KXPDQLK OLQLMD
NDUFLQRPD JUOLüD PDWHUQLFH RWSRUQD QD FLVSODWLQX LOL GRNVRUXELFLQ LOL VWDQLFD NDUFLQRPD JUNOMDQD
RWSRUQLK QD FLVSODWLQX YLQNULVWLQ LOL NDUERSODWLQX L NULåQR RWSRUQLK QD GUXJH FLWRVWDWLNH LPDOD MH
SRYHüDQX NRQFHQWUDFLMX NDWHSVLQD ' XULNRQD]QRJ SOD]PLQRJHQ DNWLYDWRUD LLOL LQKLELWRUD SOD]PLQRJHQ
DNWLYDWRUD WLS  6WDQLFH KXPDQRJ JOLREODVWRPD RWSRUQH QD FLVSODWLQX LPDOH VX SRYHüDQX NROLþLQX
XURNLQD]QRJ SOD]PLQRJHQ DNWLYDWRUD L LQKLELWRUD SOD]PLQRJHQ DNWLYDWRUD WLS  2VLP ED]LþQRJ RYL
SRGDFL LPDMX L YUOR YDåQR NOLQLþNR ]QDþHQMH
$QDOL]D PROHNXODUQLK PHKDQL]DPD XNOMXþHQLK X QDVWDQDN RWSRUQRVWL VWDQLFD KXPDQRJ NDUFLQRPD
JUNOMDQD QD NDUERSODWLQX MH SRND]DOD GD MH RWSRUQRVW LPD YLãH X]URND 2WSRUQRVW QD NDUERSODWLQX
PRJOD VH GMHORPLþQR GRNLQXWL GRGDWNRP EXWLRQLQ VXOIRNVLPLQD L HWDNULQH NLVHOLQH
%LRORãND XþLQNRYLWRVW FLWRWRNVLþQRVW L PRJXüQRVW GRNLGDQMD RWSRUQRVWL QD FLVSODWLQX GHVHW
QRYRVLQWHWL]LUDQLK VSRMHYD LVSLWDQD MH LQ YLWUR QD URGLWHOMVNLP L RWSRUQLP VWDQLþQLP OLQLMDPD 'LD]HQ -.
 ELR MH QDMWRNVLþQLML 2Q L MRã WUL GUXJD GLD]HQD GMHORPLþQR VX GRNLGDOL RWSRUQRVW QD FLVSODWLQX
,PPXQL]DFLMD NRQYHQFLRQDOQLP YDNFLQDPD MH RJUDQLþHQD ]ERJ LQWHUIHUHQFLMH PDMþLQVNLK SURWXWLMHOD
XQHVHQLK NRORVWUXPRP 3RND]DOL VPR GD MH SUDVDG YDNFLQLUDQD LQWUDPXVNXODUQR UHNRPELQDQWQLP
UHSOLNDFLMVNLGHIHNWQLP DGHQRYLUXVLPD MHGQRP RGPDK QDNRQ SUDVHQMD GMHORPLþQR ]DãWLüHQD RG
SURYRNDFLMH ãHVQDHVW WMHGDQD NDVQLMH 7DNYD MHGQRNUDWQD YDNFLQDFLMD SULOLNRP SUDVHQMD MH SRVHEQR
YDåQD MHU ]DãWLüXMH åLYRWLQMH SULMH QHJR OL L]JXEH PDMþLQVNL LPXQLWHW

5HVHDUFK SURJUDPPH DQG UHVXOWV
:H FRQWLQXHG RXU LQYHVWLJDWLRQ RQ FHOO UHVSRQVH WR JHQHWR[LF DJHQWV ,W LV D FRPSOH[ SURFHVV RQO\
SDUWLDOO\ UHVROYHG EDVHG RQ WKH LQGXFWLRQ RI D ODUJH QXPEHU RI JHQHV %\ UHSHDWHG WUHDWPHQWV ZLWK WKH
VDPH GUXJ UHVLVWDQW FHOO SRSXODWLRQ ZLOO RFFXU GXH WR LQGXFWLRQ RI VSHFLILF JHQHV DQGRU VHOHFWLRQ RI
EHWWHU DGDSWHG FHOOV 7KH DQDO\VLV RI WKH PROHFXODU DOWHUDWLRQV LQGXFHG LQ WKHVH FHOOV LV WKH VXEMHFW RI
RXU VWXG\ 7KH PDLQ UHVXOWV SXEOLVKHG LQ  \HDU ZLOO EH SUHVHQWHG
)RU WKH ILUVW WLPH LQ WKH OLWHUDWXUH ZH GHPRQVWUDWHG WKH DVVRFLDWLRQ EHWZHHQ GUXJUHVLVWDQFH DQG WKH
LQFUHDVHG OHYHOV RI WXPRU PDUNHUV LQYROYHG LQ LQYDVLRQ DQG PHWDVWDVLV (DFK RI VHYHQ KXPDQ FHUYLFDO
FDUFLQRPD FHOOV UHVLVWDQW WR FLVSODWLQ RU GR[RUXELFLQ DQG KXPDQ ODU\QJHDO FDUFLQRPD FHOOV UHVLVWDQW WR
FLVSODWLQ YLQFULVWLQH RU FDUERSODWLQ DQG FURVVUHVLVWDQW WR RWKHU F\WRVWDWLFV KDG LQFUHDVHG OHYHOV RI
FDWKHSVLQ ' XURNLQDVH SODVPLQRJHQ DFWLYDWRU DQGRU SODVPLQRJHQ DFWLYDWRU LQKLELWRU W\SH  +XPDQ
JOLREODVWRPD FHOOV UHVLVWDQW WR FLVSODWLQ KDYH LQFUHDVHG OHYHOV RI XURNLQDVH SODVPLQRJHQ DFWLYDWRU DQG
SODVPLQRJHQ DFWLYDWRU LQKLELWRU W\SH  ([FHSW IXQGDPHQWDO WKHVH GDWD KDYH DOVR YHU\ LPSRUWDQW
FOLQLFDO VLJQLILFDQFH
$QDO\VLV RI PROHFXODU PHFKDQLVPV LQYROYHG LQ UHVLVWDQFH RI KXPDQ ODU\QJHDO FDUFLQRPD FHOOV WR
FDUERSODWLQ KDV VKRZQ WKDW WKLV UHVLVWDQFH LV D PXOWLIDFWRULDO SKHQRPHQRQ 5HVLVWDQFH WR FDUERSODWLQ
FDQ EH SDUWLDOO\ UHGXFHG E\ DGGLWLRQ RI EXWKLRQLQH VXOIR[LPLQH DQG HWKDFULQLF DFLG
7KH ELRORJLFDO HIIHFWLYHQHVV F\WRWR[LF HIIHFW DQG SRWHQWLDO WR UHYHUVH UHVLVWDQFH WR FLVSODWLQ RI WHQ
QHZO\ V\QWKHVL]HG GLD]HQHFDUER[DPLGHV GLD]HQHV ZDV H[DPLQHG LQ YLWUR RQ SDUHQWDO DQG GUXJ
UHVLVWDQW FHOO OLQHV 'LD]HQH -. ZDV PRVWO\ F\WRWR[LF WKLV DQG WKUHH RWKHU GLD]HQHV UHYHUWHG
SDUWLDOO\ FHOO
V UHVLVWDQFH WR FLSODWLQ
1HRQDWDO LPPXQL]DWLRQ ZLWK FRQYHQWLRQDO YDFFLQHV LV RIWHQ OLPLWHG EHFDXVH RI WKH LQWHUIHUHQFH ZLWK
LQJHVWHG PDWHUQDO DQWLERGLHV :H VKRZHG WKDW SLJOHWV YDFFLQDWHG LQWUDPXVFXODUO\ RQFH DW ELUWK ZHUH
SDUWLDOO\ SURWHFWHG DJDLQVW FKDOOHQJH VL[WHHQ ZHHNV ODWHU 7KLV RQHVKRW YDFFLQDWLRQ DW ELUWK LV
SDUWLFXODUO\ LPSRUWDQW EHFDXVH LW SURWHFWV DQLPDOV EHIRUH PDWHUQDO LPPXQLW\ GLVDSSHDUV
3RWLFDMQL SURMHNW X RNYLUX WHPH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1RVLWHOMLFD SURMHNWD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9RGLWHOMLFD WHPH GU VF 0DULMD 0DU\ 6RSWD
7HO    HPDLO PVRSWD#UXGMHULUEKU
6XUDGQLFL QD WHPL
0LOLFD $UQHULü GLSO LQå ELRO PODÿD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD
0DULMD 0DU\ 6RSWD GRNWRULFD ELRO ]QDQRVWL ]QDQVWYHQD VXUDGQLFD
$QD 7UDYHQ GLSO LQåELRO PODÿD DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD
3URJUDP UDGD L UH]XOWDWL QD WHPL
5HJXODFLMVNL PHKDQL]PL L NRQWUROD LQLFLMDFLMH WUDQVNULSFLMH X HXNDULRWD
([SUHVLMD JHQD X SURNDULRWD L HXNDULRWD UHJXOLUD VH QD QHNROLNR UD]LQD V NRQDþQLP GHWHUPLQLUDQMHP
IHQRWLSD ELOR NRMH VWDQLFH $NWLYDFLMD LOL UHSUHVLMD JHQD QD UD]LQL LQLFLMDFLMH WUDQVNULSFLMH MH IXQGDPHQWDOQL
UHJXODFLMVNL PHKDQL]DP X HXNDULRWD 1RUPDODQ UD]YRM RUJDQL]PD GLIHUHQFLMDFLMD UD]QLK WLSRYD VWDQLFD
VYDNL RG WLK SURFHVD RYLVDQ MH R LVSUDYQRM UHJXODFLML HNVSUHVLMH KHWHURJHQH VNXSLQH JHQD 3URFHV
WUDQVNULSFLMH PRåH VH IXQNFLRQDOQR SRGLMHOLWL X WUL ID]H LQLFLMDFLMD HORQJDFLMD L WHUPLQDFLMD D VYDND ID]D
MH SRGORåQD UHJXODFLML X HXNDULRWD $NWLYDFLMD LOL UHSUHVLMD LQLFLMDFLMH RGUHÿXMH NRML üH VH JHQL HNVSUHPLUDWL
X RGUHÿHQRM VWDQLFL D NRML QH üH =QD VH GD SRJUMHãQD UHJXODFLMD HNVSUHVLMD JHQD QD UD]LQL LQLFLMDFLMH

X]URNXMH QHNROLNR YUVWD UDND 0QRJL GDQDV SR]QDWL RQNRJHQL VX PROHNXOH NRMH UHJXOLUDMX LQLFLMDFLMX
WUDQVNULSFLMH GUXJLK NOMXþQL VWDQLþQL UHJXODWRUD L NDR WDNYL VX SRYH]DQL QH VDPR V QRUPDOQLP IXQNFLMDPD
VWDQLFD QHJR L V EROHVQLP WM SRUHPHüHQLP VWDQMLPD 2YDM ODERUDWRULM LVWUDåXMH NOMXþQL WUDQVNULSFLMVNL
UHJXODWRU S5E NDR L QMHPX VURGQH PROHNXOH S L S S5E NRML MH RWNULYHQ NDR W]Y WXPRUVXSUHVRU
JHQ SRVMHGXMH SR]LWLYQH L QHJDWLYQH IXQNFLMH X UHJXODFLML LQLFLMDFLMH WUDQVNULSFLMH 1MHJRYD SULPDUQD
IXQNFLMD X UHJXODFLML HNVSUHVLMH RQLK JHQD NRML NRQWUROLUDMX VWDQLþQL FLNOXV GRYHOR MH GR VSR]QDMH GD MH WR
NOMXþQL HOHPHQW X GLIHUHQFLMDFLML QHNROLNR WLSRYD VWDQLFD 1HGDYQR VPR SRþHOL WDNRGHU SURXþDYDWL JHQ L]
NYDVFD ;7& NRML LPD QHNROLNR VOLþQRVWL V JHQDPD S5E RELWHOML 8SRWUHEOMDYDMXüL PHWRGH PROHNXODUQH
ELRORJLMH PL åHOLPR EROMH SURXþLWL DNWLYDFLMVNH L UHSUHVLMVNH IXQNFLMH WLK PROHNXOD NDR L QMLKRYX IXQNFLMX X
GHWHUPLQDFLML L GLIHUHQFLMDFLML QHXURQVNLK VWDQLFD X PR]JX
5HVHDUFK SURJUDPPH DQG UHVXOWV
5HJXODWRU\ PHFKDQLVPV DQG WKH FRQWURO RI WUDQVFULSWLRQ LQLWLDWLRQ LQ HXNDU\RWHV
*HQH H[SUHVVLRQ LQ ERWK SURNDU\RWHV DQG HXNDU\RWHV LV UHJXODWHG RQ VHYHUDO OHYHOV XOWLPDWHO\
GHWHUPLQLQJ WKH SKHQRW\SH RI D FHOO $FWLYDWLRQ RU UHSUHVVLRQ RI JHQH H[SUHVVLRQ DW WKH OHYHO RI
WUDQVFULSWLRQ LV D IXQGDPHQWDO UHJXODWRU\ PHFKDQLVP LQ HXNDU\RWHV 1RUPDO GHYHORSPHQW RI DQ
RUJDQLVP GLIIHUHQWLDWLRQ RI FHOO W\SH VSHFLILF IXQFWLRQV DOO RI WKHVH GHSHQG RQ WKH SURSHUO\ UHJXODWHG
H[SUHVVLRQ RI KHWHURJHQHRXV VHWV RI JHQHV 7KH WUDQVFULSWLRQ SURFHVV FDQ EH IXQFWLRQDOO\ GLVVHFWHG
LQWR WKUHH SKDVHV LQLWLDWLRQ HORQJDWLRQ DQG WHUPLQDWLRQ DQG HDFK RI WKHVH LV VXEMHFW WR UHJXODWLRQ LQ
HXNDU\RWHV $FWLYDWLRQ RU UHSUHVVLRQ RI WUDQVFULSWLRQDO LQLWLDWLRQ LV DQ LPSRUWDQW PHDQV IRU FRQWUROOLQJ
ZKLFK JHQHV DUH RU DUH QRW H[SUHVVHG LQ D JLYHQ FHOO ,QGHHG DEHUUDQW UHJXODWLRQ RI JHQH H[SUHVVLRQ
DW WKH OHYHO RI LQLWLDWLRQ RI WUDQVFULSWLRQ KDV EHHQ GHWHUPLQHG DV D FDXVDWLYH HYHQW LQ VHYHUDO FDQFHUV
0DQ\ RQFRJHQHV DUH QRZ NQRZQ WR EH WUDQVFULSWLRQDO UHJXODWRUV ZKLFK DIIHFW WKH LQLWLDWLRQ RI
WUDQVFULSWLRQ RI RWKHU NH\ FHOOXODU UHJXODWRU\ PROHFXOHV DQG WKXV DUH OLQNHG WR ERWK QRUPDO DQG GLVHDVH
SURFHVVHV :H VWXG\ WKH NH\ WUDQVFULSWLRQDO UHJXODWRU\ PROHFXOH HQFRGHG E\ WKH SURGXFW RI WKH
UHWLQREODVWRPD JHQH S5E DQG LWV UHODWHG IDFWRUV S DQG S S5E RULJLQDOO\ LGHQWLILHG DV D
WXPRU VXSSUHVVRU JHQH KDV ERWK SRVLWLYH DQG QHJDWLYH IXQFWLRQV LQ UHJXODWLQJ WUDQVFULSWLRQ LQLWLDWLRQ
,WV SULPDU\ UROH LQ WKH UHJXODWLRQ RI JHQHV LQYROYHG LQ FHOO F\FOH FRQWURO KDV OHG WR LWV LGHQWLILFDWLRQ DV D
NH\ FRPSRQHQW LQ WKH GLIIHUHQWLDWLRQ RI VHYHUDO FHOO W\SHV 5HFHQWO\ ZH KDYH EHJXQ WR VWXG\ D \HDVW
JHQH ;7& ZKLFK KDV SURSHUWLHV UHPLQLVFHQW RI WKH 5E IDPLO\ RI SURWHLQV 8VLQJ PROHFXODU ELRORJLFDO
DSSURDFKHV ZH VHHN WR XQGHUVWDQG WKH PROHFXODU GHWHUPLQDQWV RI ERWK LWV DFWLYDWLRQ DQG UHSUHVVLRQ
IXQFWLRQV LQ WUDQVFULSWLRQ DV ZHOO DV LWV IXQFWLRQ LQ WKH GHWHUPLQDWLRQ DQG GLIIHUHQWLDWLRQ RI QHXURQDO
FHOOV LQ WKH EUDLQ
*(1(7,.$ , ',1$0,.$ %,2$.7,91,+ 02/(.8/$
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9RGLWHOM WHPH GU VF 9RONHU 0DJQXV
7HO     HPDLO PDJQXV#UXGMHULUEKU
6XUDGQLFL QD WHPL
%UDQLPLU .ODLü GRNWRU NHP ]QDQRVWL YLãL ]QDQVWYHQL VXUDGQLN
9RONHU 0DJQXV GRNWRU ELRO ]QDQRVWL ]QDQVWYHQL VDYMHWQLN
äHOMNR 0DULQLü PDJLVWDU NHP ]QDQRVWL VWUXþQL VXUDGQLN 105
%LVHUND 0HWHONR GLSO LQå NHP VWUXþQD VXUDGQLFD 105 GR 
%UDQND 6DORSHN6RQGL PDJLVWULFD ELRO ]QDQRVWL DVLVWHQWLFD ]QDQVWYHQD QRYDNLQMD
7HKQLþNL VXUDGQLN
9ODGLPLU 9UDQHãD VDPRVWDOQL WHKQLþDU  UDGQRJ YUHPHQD

6XUDGQLN L] GUXJH XVWDQRYH
*RUDQ /DüDQ GRNWRU NHP ]QDQRVWL 'HSDUWPHQW RI 0ROHFXODU DQG 0HGLFDO 3KDUPDFRORJ\ 8&/$
6FKRRO RI 0HGLFLQH DQG /DERUDWRU\ RI 6WUXFWXUDO %LRORJ\ DQG 0ROHFXODU 0HGLFLQH /RV $QJHOHV 6$'
3URJUDP UDGD L UH]XOWDWL QD WHPL
&LOM UDGD QD WHPL MH XSR]QDYDQMH PROHNXODUQH RVQRYH ELRORãNH DNWLYQRVWL *ODYQL UH]XOWDWL SRVWLJQXWL VX
QD RYLP SRGUXþMLPD
 NHPLMD ELRNHPLMD L IL]LRORJLMD ELOMQLK KRUPRQD
 VSHNWURVNRSVND LVWUDåLYDQMD VSRMHYD RG ELRORãNRJ LQWHUHVD
8 LVWUDåLYDQMLPD ELOMQLK KRUPRQD DQDOL]LUDOL VPR ]DMHGQR V /DERUDWRULMHP ]D NHPLMVNX L ELRORãNX
NULVWDORJUDILMX PROHNXODUQX VWUXNWXUX L IL]LþNRNHPLMVND VYRMVWYD GHULYDWD LQGRORFWHQH NLVHOLQH
DXNVLQD VD VXSVWLWXHQWLPD QD DURPDWVNRM MH]JUL WH SURXþDYDOL NRUHODFLMH V XþLQNRP X ELRORãNLP
WHVWRYLPD NRML VH WHPHOMH QH SURGXåQRP UDVWX NROHRSWLOH ]REL L SHULNDUSD JUDãND 7DNRÿHU VH NRULVWLPR
LVNXVWYRP X NHPLML ELRORãNL DNWLYQLK LQGROVNLK VSRMHYD ]D RGUHÿLYDQMH VWUXNWXUH GRVDG QHLGHQWLILFLUDQLK
ELOMQLK PHWDEROLWD NDR L ]D SULSUDYX SURED ]D VSHFLILþQR RELOMHåDYDQMH HQ]LPD ELRJHQH]H L PHWDEROL]PD
DXNVLQD 2VLP WRJD LVWUDåXMHPR XORJX ILWRKRUPRQD X NRRUGLQDFLML YHJHWDWLYQRJ L JHQHUDWLYQRJ UD]YRMD L
X GLIHUHQFLMDFLML IRWRVLQWHWVNRJ VXVWDYD 6SHNWURVNRSVND LVWUDåLYDQMD XNOMXþXMX NROHJH QD VYHXþLOLãWX D
REXKYDüDMX NHPLMX SHSWLGRJOLNDQD VLGHURIRUD WH IRWRNHPLMX L SUHSDUDWLYQX NHPLMX KHWHURFLNOD 7DNR MH
XSRWUHED 105VSHNWURVNRSLMH RPRJXüLOD GHWDOMQL XYLG X PHKDQL]DP YH]LYDQMD NDWLRQD WHãNLK PHWDOD
QD SULURGQL VLGHURIRU GHIHURNVDPLQ GHVIHULRNVDPLQ % 'YRGLPHQVLRQDOQRP 105 VSHNWURVNRSLMRP
52(6< 12(6< SURXþDYDQD MH VWUXNWXUD L NRQIRUPDFLMD NRPSOHNVD SHSWLGRJOLNDQVNRJ PRQRPHUD V
GYR L WURYDOHQWQLP NDWLRQLPD &G =Q 5K 7DNRÿHU VX NDUDNWHUL]LUDQL SURGXNWL IRWRNHPLMVNH SUHJUDGQMH
GHULYDWD EHQ]R L QDIWRIXUDQD
5HVHDUFK SURJUDPPH DQG UHVXOWV
7KH SUHVHQW SURMHFW DGGUHVVHV WKH PROHFXODU EDVH RI ELRORJLFDO DFWLYLW\ ,Q WKH UHSRUW SHULRG ZH
IRFXVHG RQ WKH IROORZLQJ VXEMHFWV
 FKHPLVWU\ ELRFKHPLVWU\ DQG SK\VLRORJ\ RI SODQW KRUPRQHV
 VSHFWURVFRSLF VWXGLHV RQ FRPSRXQGV RI ELRORJLFDO LQWHUHVW
,Q WKH DUHD RI SODQW KRUPRQHV ZH DQDO\VHG MRLQWO\ ZLWK WKH /DERUDWRU\ IRU &KHPLFDO DQG %LRORJLFDO
&U\VWDOORJUDSK\ WKH PROHFXODU VWUXFWXUHV DQG SK\VLFRFKHPLFDO SURSHUWLHV RI ULQJVXEVWLWXWHG LQGROH
DFHWLF DFLGV DX[LQV DQG FRUUHODWHG WKHVH SDUDPHWHUV ZLWK JURZWKSURPRWLQJ DFWLYLW\ LQ ELRDVVD\V
EDVHG RQ HORQJDWLRQ RI WKH $YHQD FROHRSWLOH DQG WKH SHD SHULFDUS ,Q DGGLWLRQ ZH DUH XWLOLVLQJ RXU
H[SHULHQFH LQ WKH FKHPLVWU\ RI ELRDFWLYH LQGROH GHULYDWLYHV WR LGHQWLI\ QRYHO SODQW PHWDEROLWHV DQG WR
SUHSDUH SUREHV VXLWDEOH IRU VSHFLILF ODEHOOLQJ RI WKH HQ]\PHV RI DX[LQ ELRJHQHVLV DQG PHWDEROLVP :H
DUH DOVR LQYHVWLJDWLQJ WKH UROH RI SK\WRKRUPRQHV LQ WKH FRRUGLQDWLRQ RI YHJHWDWLYH DQG JHQHUDWLYH
GHYHORSPHQW DQG WKH GLIIHUHQWLDWLRQ RI WKH SKRWRV\QWKHWLF DSSDUDWXV 6SHFWURVFRSLF VWXGLHV LQFOXGLQJ
FROODERUDWLRQ ZLWK FROOHDJXHV DW WKH 8QLYHUVLW\ RI =DJUHE FRPSULVHG WKH FKHPLVWU\ RI SHSWLGRJO\FDQV
DQG VLGHURSKRUHV DV ZHOO DV WKH SKRWRFKHPLVWU\ DQG SUHSDUDWLYH FKHPLVWU\ RI KHWHURF\FOHV 105
VSHFWURVFRS\ SURYLGHG IRU H[DPSOH GHWDLOHG LQVLJKW LQWR WKH PHFKDQLVP E\ ZKLFK KHDY\PHWDO FDWLRQV
ELQG WR WKH QDWXUDOO\ RFFXUULQJ VLGHURSKRUH GHIHUR[DPLQH GHVIHUULR[DPLQH % 7ZRGLPHQVLRQDO 105
PHWKRGV 52(6< 12(6< ZHUH XVHG LQ VWXGLHV RQ WKH VWUXFWXUH DQG FRQIRUPDWLRQ RI FRPSOH[HV RI
WKH SHSWLGRJO\FDQ PRQRPHU ZLWK GRXEO\ DQG WULSO\ FKDUJHG FDWLRQV :H DOVR SDUWLFLSDWHG LQ WKH
HOXFLGDWLRQ RI WKH SKRWRFKHPLVWU\ RI EHQ]R DQG QDSKWKRIXUDQ GHULYDWLYHV
3RWLFDMQL SURMHNW X RNYLUX WHPH
),72+25021, 8 .225',1$&,-, 9(*(7$7,912* , *(1(5$7,912* 5$67$
3+<72+25021(6 ,1 7+( &225',1$7,21 2) 9(*(7$7,9( $1' *(1(5$7,9(
'(9(/230(17
1RVLWHOMLFD SURMHNWD PU VF %UDQND 6DORSHN6RQGL

,VWUDåLYDQMD L]YDQ SURJUDPD WUDMQH LVWUDåLYDþNH GMHODWQRVWL
8 RNYLUX SURMHNWD ILQDQFLUDQRJ VUHGVWYLPD $PHULþNRJ 0LQLVWDUVWYD SROMRSULYUHGH UD]UDÿXMHPR QRYH
PHWRGH ]D SULPMHQX X ELRNHPLML ELOMQLK KRUPRQD 8 WX VYUKX VLQWHWL]LUDOL VPR NRQMXJDWH LQGROD V
ELRWLQRP NRML EL VH SULPMHQMLYDOL X LVWUDåLYDQMX ELRJHQH]H MHGQRJ RG QDYHGHQLK SULURGQLK UHJXODWRUD
UDVWD LQGRORFWHQH NLVHOLQH
5HVHDUFK DFWLYLWLHV RXW RI WKH FRQWLQXRXV UHVHDUFK SURJUDPPH
,Q D SURMHFW IXQGHG E\ WKH 8QLWHG 6WDWHV 'HSDUWPHQW RI $JULFXOWXUH ZH DUH H[SORULQJ QHZ PHWKRGV IRU
XVH LQ SODQW KRUPRQH ELRFKHPLVWU\ )RU WKLV SXUSRVH ZH SUHSDUHG ELRWLQFRQMXJDWHG LQGROH LQWHQGHG IRU
XVH LQ UHVHDUFK RQ WKH ELRJHQHVLV RI RQH RI WKH DERYH SODQW JURZWK UHJXODWRUV LQGROHDFHWLF DFLG
8 UHDOL]DFLML RYLK LVWUDåLYDQMD X] UDQLMH QDYHGHQH GMHODWQLNH =DYRGD VXGMHORYDR MH
(GXDUG 'ROXãLü GLSO LQå NHP PODÿL DVLVWHQW
35,/2=,
=QDQVWYHQL UDGRYL REMDYOMHQL X
þDVRSLVLPD NRML VX LQGHNVLUDQL X &XUUHQW
&RQWHQWVX
 $QWROLü 6QMHåDQD 6DORSHN %UDQND .RMLü
3URGLü %LVHUND 0DJQXV 9RONHU &RKHQ -HUU\ '
6WUXFWXUDO FKDUDFWHUL]DWLRQ DQG DX[LQ SURSHUWLHV RI
GLFKORULQDWHG LQGROHDFHWLF DFLGV  3ODQW JURZWK
UHJXODWLRQ    
 %DUUDWW 1DWDOLH 0 'RQJ :HLTLQ *DJH
'RXJODV $ 0DJQXV 9RONHU 7RZQ &KULVWRSKHU '
0HWDEROLVP RI H[RJHQRXV DX[LQ E\ $UDELGRSVLV
WKDOLDQD  LGHQWLILFDWLRQ RI WKH FRQMXJDWH 1DOSKD
LQGRO\ODFHW\OJOXWDPLQH DQG LQLWLDWLRQ RI D PXWDQW
VFUHHQ  3K\VLRORJLD SODQWDUXP   

 %LUXã 0ODGHQ *DEULþHYLü 0DULR .URQMD 2OJD
.ODLü %UDQLPLU YDQ (OGLN 5XGL =DKO $FKLP
.LQHWLFV DQG PHFKDQLVP RI WKH FRPSOH[DWLRQ RI
/D DQG &X LRQV ZLWK 1PHWK\ODFHWRK\GUR[DPLF
DFLG DQG GHVIHUULR[DPLQH %  ,QRUJDQLF FKHPLVWU\
   
 %ODåHYLüâDIDULN -HOHQD .DUPLQVNL=DPROD
*UDFH 0DULQLü äHOMNR .ODLü %UDQLPLU 0UYRã
6HUPHN 'UDJLQMD &RQYHQLHQW V\QWKHVLV + &
105 VWXG\ DQG ;UD\ FU\VWDO VWUXFWXUH
GHWHUPLQDWLRQ RI VRPH QHZ GLVXEVWLWXWHG
WKLRSKHQHV  6SHFWURVFRS\ OHWWHUV   

 %UGDU %UDQNR 5HLFK (GZDUG 6HOHFWLYH
LUUHYHUVLEOH LQDFWLYDWLRQ RI UHSOLFDWLQJ PHQJRYLUXV E\
QXFOHRVLGH DQDORJXHV D QHZ IRUP RI YLUDO
LQWHUIHUHQFH  -RXUQDO RI YLURORJ\   

 &KHWERXO 9DOHULH $GDP 0LFKHOLQH 'HSUH]
,VDEHOOH $PEULRYLü5LVWRY $QGUHMD 5RVHQEHUJ
'DQ &UHVSHDX )UDQFRLV 6DDQD 0RH] 3KDP
,VDEHOOH (ORLW 0DUF $GQRW 6HUJH 3RXFKHORQ
-HDQ/RXLV ([SUHVVLRQ RI ELRORJLFDOO\ DFWLYH DWULDO
QDWULXUHWLF IDFWRU IROORZLQJ LQWUDKHSDWLF LQMHFWLRQ RI D
UHSOLFDWLRQGHIHFWLYH DGHQRYLUDO YHFWRU LQ GRJV 
+XPDQ JHQH WKHUDS\   
 HUPLü 'DPLU 7UJRYþHYLü äHOMNR 6SHFLILF
HIIHFWV RI D UHF% PXWDWLRQ RQ WKH +IU+ VWUDLQ RI
(VFKHULFKLD FROL  -RXUQDO RI EDFWHULRORJ\ 
  
 .DWLü 0DãD +DGåLMD 0LUNR :ULVFKHU
0HUFHGHV 3DYHOLü .UHãLPLU $Q LQ YLWUR PRGHO RI
WKH HDUO\ JHQHWLF HYHQWV LQ PXOWLVWDJH
FDUFLQRJHQHVLV RI PDOLJQDQW LQVXOLQRPD 
&DUFLQRJHQHVLV    
 .ODLü %UDQLPLU 7KH XVH RI VFLHQWRPHWULF
SDUDPHWHUV IRU WKH HYDOXDWLRQ RI VFLHQWLILF
FRQWULEXWLRQV  &ROOHJLXP DQWURSRORJLFXP 
  
 /DüDQ *RUDQ 6DW\DPXUWK\ 1 %DUULR -RUJH 5
6\QWKHVLV RI VWHUHR 5 DQG 6 DQG JHRPHWULF ( DQG
= LVRPHUV RI >)@IOXRUREHWDIOXRURPHWK\OHQHP
W\URVLQH GHULYDWLYHV ,Q YLYR SUREHV RI FHQWUDO
GRSDPLQHUJLF IXQFWLRQ  1XFOHDU PHGLFLQH DQG
ELRORJ\    
 0DJQXV 9RONHU .RMLü3URGLü %LVHUND $X[LQ
VWUXFWXUH DQG DFWLYLW\  3K\WRQ  DQQDOHV UHL
ERWDQLFDH    
 0XUDMD/MXELþLü -DVPLQD :ULVFKHU 0HUFHGHV
/MXEHãLü 1LNROD ,QIOXHQFH RI WKH KHUELFLGHV
DPLWUROH DQG QRUIOXUD]RQ RQ JUHHQLQJ RI LOOXPLQDWHG
SRWDWR PLFURWXEHUV  =HLWVFKULIW IU 1DWXUIRUVFKXQJ
&  $ MRXUQDO RI ELRVFLHQFHV &  
 2VPDN 0DMD %RUGXNDOR 7DWMDQD -HUQHM
%UDQLPLU .RãPUOM -DQH] 3RODQF 6ORYHQNR
'LD]HQH -. SRWHQWLDO DQWLFDQFHU GUXJ  $QWL
FDQFHU GUXJV    
 2VPDN 0DMD 1LNãLü 'DQLHOD %UR]RYLü
$QDPDULD $PEULRYLü5LVWRY $QGUHMD 9UKRYHF
,YDQ âNUN -DQH] 'UXJ UHVLVWDQW WXPRXU FHOOV KDYH
LQFUHDVHG OHYHOV RI WXPRU PDUNHUV IRU LQYDVLRQ DQG
PHWDVWDVLV  $QWLFDQFHU UHVHDUFK   

 2VPDN 0DMD 9UKRYHF ,YDQ âNUN -DQH]
&LVSODWLQ UHVLVWDQW JOLREODVWRPD FHOOV PD\ KDYH
LQFUHDVHG FRQFHQWUDWLRQ RI XURNLQDVH SODVPLQRJHQ

DFWLYDWRU LQKLELWRU W\SH   -RXUQDO RI QHXUR
RQFRORJ\    
 3UHEHJ 7DWMDQD /MXEHãLü 1LNROD :ULVFKHU
0HUFHGHV 6WUXFWXUDO DQG SK\VLRORJLFDO
FKDUDFWHULVWLFV RI WKH FRORXUHG VSRWV RQ WKH
/HXFRMXP SHULJRQH  3K\WRQ  DQQDOHV UHL
ERWDQLFDH    
 5HLQHFNH 'HQQLV 0 2]JD -RFHO\Q ,OLü
1HERMãD 0DJQXV 9RONHU .RMLü3URGLü %LVHUND
0ROHFXODU SURSHUWLHV RI VXEVWLWXWHG LQGROHDFHWLF
DFLGV DIIHFWLQJ SHD SHULFDUS HORQJDWLRQ  3ODQW
JURZWK UHJXODWLRQ    
 5XEHOM ,YLFD 9RQGUDþHN =RUDQ 6WRFKDVWLF
PHFKDQLVP RI FHOOXODU DJLQJ  DEUXSW WHORPHUH
VKRUWHQLQJ DV D PRGHO IRU VWRFKDVWLF QDWXUH RI
FHOOXODU DJLQJ  -RXUQDO RI WKHRUHWLFDO ELRORJ\ 
  
 6NRURNKRG $ *DPXOLQ 9HUD *XQGDFNHU '
.DYVDQ 9 0XOOHU , 0 0XOOHU :HUQHU ( *
2ULJLQ RI LQVXOLQ UHFHSWRUOLNH W\URVLQH NLQDVHV LQ
PDULQH VSRQJHV  %LRORJLFDO EXOOHWLQ   

 âLQGOHU.XO\N 0DULMD âNRULü ,UHQD 7RPãLü
6ODYLFD 0DULQLü äHOMNR 0UYRã6HUPHN 'UDJLQMD
6\QWKHVLV DQG SKRWRFKHPLVWU\ RI VW\U\O VXEVWLWXWHG
DQQHODWHG IXUDQ GHULYDWLYHV  +HWHURF\FOHV 
  
 9HQHU $OH[DQGHU 5RNND $ )XOJRVL +UYRMH
$QGHUVVRQ %HUWLO +HUUPDQ 1 5HLQKROG * $
F\FORSKLOLQUHJXODWHG 33$OLNH SURWHLQ
SKRVSKDWDVH LQ WK\ODNRLG PHPEUDQHV RI SODQW
FKORURSODVWV  %LRFKHPLVWU\   

 9XNRYLü /LGLMD 2VPDN 0DMD 5HYHUVDO RI
FDUERSODWLQ UHVLVWDQFH LQ KXPDQ ODU\QJHDO
FDUFLQRPD FHOOV  1HRSODVPD    

 :LHQV 0DWKLDV /XNLü /DGD 0XHOOHU :HUQHU
(* *DPXOLQ 9HUD 3K\ORJHQHWLF DQDO\VLV RI
XELTXLWLQV SRO\XELTXLWLQ DQG XELTXLWLQ H[WHQVLRQ
SURWHLQ LQ PDULQH VSRQJHV  %LRORJLFDO MRXUQDO RI
WKH /LQQHDQ VRFLHW\   
 :ULVFKHU 0HUFHGHV /MXEHãLü 1LNROD 3UHEHJ
7DWMDQD 0DJQXV 9RONHU 7KH VXFFHVVLRQ RI
FKURPRSODVW VWUXFWXUHV LQ ,PSDWLHQV QROLWDQJHUH
IORZHUV  3K\WRQ  DQQDOHV UHL ERWDQLFDH  
 
 =DKUDGND 'DYRU 9ODKRYLü .VHQLMD 3HWUDQRYLü
0LUMDQD 3HWUDQRYLü 'UDJR &KURPRVRPH
VHJUHJDWLRQ DQG FHOO GLYLVLRQ GHIHFWV LQ UHF%&
VEF%& UXY& PXWDQWV RI (VFKHULFKLD FROL   -RXUQDO
RI EDFWHULRORJ\    
5DGRYL REMDYOMHQL X RVWDOLP þDVRSLVLPD
 %UGDU %UDQNR 5XEHOM ,YLFD ýRYLü 0DUFHOD
5HLFK (GZDUG &RQVWUXFWLRQ FORQLQJ DQG
H[SUHVVLRQ RI F\VWHLQ HQULFKHG KXPDQ
PLFURXURNLQDVH  3HULRGLFXP ELRORJRUXP 
  
 %UGDU %UDQNR 5XEHOM ,YLFD 5HLFK (GZDUG
'LIIHUHQWLDO HIIHFWV RI ULERQXFOHRVLGH DQDORJXHV RQ
YLUXVGLUHFWHG 51$ V\QWKHVLV  3HULRGLFXP
ELRORJRUXP    
 )XOJRVL +UYRMH /MXEHãLü 1LNROD 0ROHFXODU
VWUXFWXUH RI VSLQDFK FKORURSODVW QXFOHRLGV  $FWD
ERWDQLFD &URDWLFD   
 .ODLü %UDQLPLU 2VYUW QD þODQDN ' *UDQLü
&LWLUDQRVW NDR PHÿXQDURGQL RGMHN ]QDQVWYHQRJ
GMHORYDQMD L PMHUD XWMHFDMD SRMHGLQDFD QD UD]YRM
]QDQVWYHQRJ SRGUXþMX X +UYDWVNRM 3LVPR
XUHGQLãWYX  /LMHþQLþNL YMHVQLN   
 .RMLü3URGLü %LVHUND 0DJQXV 9RONHU $QWROLü
6QMHåDQD 7RPLü 6DQMD 6DORSHN6RQGL %UDQND
6WUXFWXUHDFWLYLW\ FRUUHODWLRQV IRU DX[LQV  $FWD
ERWDQLFD &URDWLFD   
 /MXEHãLü 1LNROD 3UHEHJ 7DWMDQD 'HYLGH
=YRQLPLU 5HJXOD%HYLODFTXD /MHUND &KURPRSODVWV
LQ WKH VHSDOV RI 3K\VDOLV DONHNHQJL 7KH HIIHFW RI
QRUIOXUD]RQ RQ FKURPRSODVW GLIIHUHQWLDWLRQ  $FWD
ERWDQLFD &URDWLFD   
 0LOHWLü ,YDQD .QHåHYLü $OHQD $QLü ,YLFD
2VPDN 0DMD âXWDOR -R]R %ODåLü3RWRþNL =LWD
&LWRWRNVLþQRVW QDWULMKLSRNORULWD QD NXOWXUDPD
VWDQLFD  $FWD VWRPDWRORJLFD &URDWLFD  
 
 6NHHOV 0DWWKHZ & 6DORSHN6RQGL %UDQND
/XFN /LQGD / ) 105 VWXG\ RI WKH ELQGLQJ RI
IOXRULQDWHG GLHWK\OVWLEHVWURO WR WKH KXPDQ HVWURJHQ
UHFHSWRU  3URWHLQ DQG SHSWLGH OHWWHUV   

=QDQVWYHQL UDGRYL X WLVNX
 %RHKP 0DUNXV 0XHOOHU ,VDEHO 0XHOOHU
:HUQHU ( * *DPXOLQ 9HUD 7KH PLWRJHQ
DFWLYDWHG SURWHLQ NLQDVH S SDWKZD\ LV FRQVHUYHG
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konstitucijski promijenjenom homeostazom serotonina (5-hidroksitriptamina, 5HT) razvijen u vlastitom
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receptora štakora i opisana je distribucija njihovih mRNA u imunološkim tkivima. Završen je prvi dio
fizioloških studija trombocitnog serotoninskog sustava na velikoj populaciji zdravih dragovoljnih
darivatelja krvi i opisani su parametri vezani uz granularni serotonin.
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Research programme and results:
The studies of synaptic mechanisms on platelet 5HT (5-hydroxytryptamine, serotonin) model have
been continued at the experimental and clinical levels. Experimental studies were performed on the
original model of rats with constitutionally altered serotonin homeostasis, developed in our laboratory.
Physiological characteristics of platelet 5HT transporter have been investigated in Wistar rats, both at
protein and mRNA levels. Studies on the expression of all 13 serotonin receptor subtypes in rats have
been started and distribution of  their mRNAs in immune tissues have been described. First part of
physiological studies on platelet serotonergic system in a large population of healthy volunteers has
been completed reporting parameters related to platelet granular serotonin.
Pathophysiological aspects of the cerebrospinal fluid homeostasis in the cat have been investigated
and the effects of cerebrospinal fluid osmolality on intracranial pressure have been described.
Poticajni projekt u okviru teme:
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MODELU ŠTAKORA
SEROTONIN TRANSPORTER: STUDIES OF GENE STRUCTURE AND EXPRESSION ON
A RAT MODEL
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OBALNI I MORSKI FITOINDIKATORI JADRANSKIH OTOKA I
PRIMORJA
COASTAL AND MARINE PHYTO-INDICATORS IN ADRIATIC ISLANDS
AND LITTORAL
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metodama, izradom modela povezanosti prostorne varijabilnosti okolišnih i bioloških varijabla
metodama raster-GIS modeliranja i multivarijatne statistike, te primjenom tih modela u zaštiti okoliša i
gospodarenju prirodnim resursima.
Research report and results:
The effective sampling was from February to July in the representative stations: Velebit coast and the
 
 ( )
  + 
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typical for the submediterranean coastal vegetation of the upper Adriatic with the predominating bora
storms, and others in southern Adriatic islands are representative for the thermomediterranean coasts
very exposed to offshore sirocco winds. After the actual and earlier studies, we nearly completed the
phytocoenological constitution of Adriatic coastal vegetation, including halophytes, macroalgae, and
mycoflora. In the studied remote islands amid the Adriatic we analysed in details the relict subtropical
vegetation of Teriary refugia. The additional mycological samplings included also large surroudings of
Zagreb and Gorski Kotar, and a series of rare or new Ascomycetes has been studies. The field results
are also elaborated by the comparable quantitative methods by the elaboration of raster-GIS models
and multivariate analyses of the spatial variation in environment and biological variables, including
their application in the nature management and conservation.
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Teme u sastavu programa:
Aktivacija gena u leukemijama, dr. sc. Mariastefania Antica, voditeljica teme
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Mehanizmi djelovanja enkefalina i peptidoglikana, dr. sc. Ivo Hršak, voditelj teme
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Proliferacija i diferencijacija normalne i tumorske stanice, dr. sc. Mislav Jurin, voditelj teme
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Tema izvan sastava programa:
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Poticajni projekti znanstvenih novaka i asistenata u okviru tema:
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Karakteristike vezanja enkefalina za humane neutrofile i modulacija njihove funkcije, dr. sc. Tihomir
Balog, nositelj projekta
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opisanim mišjim te prvi pokazali njihovu aktivnost u leukemijama i limfomima ljudi. Klonirali smo novi
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limfocita te ga registrirali u GeneBANK.
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cista) u kojima smo dobili zanimljive rezultate.




Herpes simplex (HSVtk), koji u kombinaciji s protuherpesnim lijekom ganciklovirom (GCV) izaziva
samoubojstvo stanica. Pronašli smo da u stanicama B16BL6tk+ tretiranim s GCV u koncentraciji od 20
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tumora izazvanog stanicama divljeg tipa kada se nalazi daleko od tumora B16BL6tk+. Istim vektorom
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(gen p53, odnosno p21WAF1/CIP1) te kontrolni vektor d1312. Infekcija adenovirusima dokazana je na
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WAF1/CIP1
 u stanicama inficiranim s
Ad-p53, dokazana je na razini RNA (metodom RT-PCR) kao i na razini proteina (metodom
imunocitokemije). Unosom gena p53 u stanice tumora ljudi došlo je do znatne inhibicije rasta stanica.
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ukloniranim fragmentom cDNA nm23-H1 i antisense nm23-H1. U transfeciranim stanicama SK-BR-3
Nm23 protein dokazan je metodom Western blot i imunocitokemijskom metodom.
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igra ulogu u procesu višestepene progresije raka debelog crijeva.
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IGF I, IGF II, IGF IR, IGF BP1-3. U više od pola tumora ustanovili smo mRNA za IGF II dok je gotovo
90% tumora imalo mRNA za IGF IR. Ulogu IGF IR u progresiji hemangiopericitoma pratili smo
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Ustanovili smo da je ekspresija P-glikoproteina, produkta gena MDR-1 svojstvo normalnih i
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ovisno o spolu i starosti eksperimentalnih miševa.
Kao nastavak rada na modelima prepoznavanja komplementarnih peptida razvijena je nova metoda
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Research programme:
We studied mechanisms and factors that regulate lymphocyte development as well as genes involved
in this process. We found that Aiolos and Helios transcription factor genes, which have been
described only in the mouse so far, are highly homologue to the human genes and we detected their
transcripts in human leukemia and lymphoma lymphocytes. Furthermore by means of the DD-PCR
and RACE methods we cloned a new gene for the mouse U2 snRNP-A’ protein which is involved in
lymphocyte development and differentiation, and the sequence data have been submitted to the Gene
Bank.
Analysis of PTCH gene (previously known as Gorlin gene or NBCCS gene) has revealed that it’s
protein plays a role in a new signaling pathway (hedgegog/patched pathway). PTCH remains the only
known tumor suppressor which contributes to various tumors (basocellular carcinomas,
medulloblastomas) and multiple malformations when mutated. Our research is focused on sporadic
tumors (ovarian fibroma) and malformations (different types of jaw cysts), the development of which is
in Gorlin syndrome frequent. Our research shows that PTCH inactivation can no longer be analyzed
outside the context of PTCH/Hh signaling pathway, because we found variability in smo gene (also
208
involved in signaling pathway) in samples where we expected LOH only for PTCH. Undoubtedely,
PTCH plays an important role during development. The gene is part of a signaling pathway in which
many steps still remain to be identified.
We proceeded with the research of cancer gene therapy using Herpes simplex virus thymidine kinase
(HSVtk) gene with subsequent activation of the suicide mechanism. HSVtk renders infected cells
sensitive to antiherpetic, otherwise nontoxic drug ganciklovir (GCV). We have found that infected cells
B16BL6tk+ became sensitive to low concentrations of GCV. We continued the experiments in vivo, as
well. Distant bystander effect was examined but there was no regression of wild type tumors raised at
the distant site of primary B16BL6tk+ tumors.
Three different recombinant adenoviruses were propagated and purified. These are Ad-p53 and Ad-
p21 which contain human wild type p53 and p21WAF1/CIP1 tumor suppressor genes, respectively and
d1312 which is devoid of any gene (control vector). The PCR method was used for the detection of the
adenoviral infection, while the overexpression of p53 and p21WAF1/CIP1 genes was detected on the RNA
and protein level (RT-PCR and immunocytochemical detection, respectively). The overexpression of
p53 gene caused strong inhibition of the growth of all human tumor cell lines tested.
For the purpose of the gene therapy by using nm23 gene recombinant plasmid pCMVBamneo with the
cDNA fragment of nm23-H1 and antisense nm23-H1 were propagated and purified. Western blot and
immunocytochemical methods were used to detect nm23 protein in transfected SK-BR-3 cells.
We examined human sporadic colon carcinoma and corresponding normal tissue samples to evaluate
loss of heterozygosity at the APC and DCC tumor suppressor genes loci using restriction fragment
length polymorphism polymerase chain reaction and dinucleotide tandem repeat analysis. Our results
support the view that malignant progression is a consequence of more than one genetic change and
suggest that inactivation of APC and DCC genes plays a role in a multistep process of colon tumor
progression.
Langerhans islets transformed with v-H-ras and v-myc became immortal and insulin negative. Single
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cell transformation and, therefore, could represent “early events” in the multistep carcinogenesis of
insulinomas.
To address the issue of molecular pathogenesis of hemangiopericytoma, the insulin-like growth factor
family (IGFs) was analyzed in 19 tumors collected from a human tumour bank network. Seven of the
tumors were associated with severe hypoglycemia 15,8% were positive for IGF I mRNA and 57,9%
were positive for IGF II mRNA. Almost 90 per cent of hemangiopericytomas expressed IGF I receptor
(IGF IR) mRNA, 26,3% expressed IGF BP1, 15,8% expressed IGF BP2, and 21% exhibited IGF BP3
mRNA. All hemangiopericytomas examined with regard to specific receptor binding were IGF IR
positive. The potential role of IGF IR as a growth promoting factor in malignant hemangiopericytoma
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IGF IR synthesis. In both cases the growth of hemangiopericytoma cells in culture was inhibited for
around 50 per cent. The data suggest that IGF IR may play an important role in the genesis and
progression of malignant hemangiopericytomas.
The relevance of P-glycoprotein as a product of MDR gene was determined in normal and leukemic B-
cells. The percentage of Pgp+ cells was significantly higher in CLL patients compared with age
matched groups of healthy volunteers. After treatment with chlorambucil Pgp expression can be in part
of CLL patients significantly decreased with beneficial therapeutical effect.
The role of opioid peptides, related signal molecules and of the membrane metalloendopeptidase
processing the opioids (the CD10 cell surface marker) is studied using the hematopoietic and
epithelial cell lines as the models. The effects on cell proliferation and differentiation are followed by
determination of the membrane markers, specific mRNA, proliferative and adhesion properties of the
cells and the intracellular calcium level.
The investigation of the role of the hydrolytic enzymes in methionin-enkephalin (MENK) modulated
production of reactive oxygen species (ROS) revealed that in a physiological concentration (10-10M)
MENK down regulates the activity of CD10 marker (enkephalinase). MENK differently influences the
production of NO and LPO, depending of the sex and age of mice.
As the result of previously designed models of complementary peptide recognition we developed new
method for the molecular and genetic defining of bioactive peptide motifs and secondary protein
structure of the biological response modifiers. A right selection of viral proteins enabled the
preparation of ecologically convenient vaccines. In order to achieve an appropriate antigenicity and
ensure a high degree of protection, viral proteins were adjuvanted with new adjuvants prepared in the
form of multiple emulsions.
The positive influence of transplantation of neonatal endocrine pancreas and nontoxic herbal drugs
Fero-Leko Antidiabetis on diabetic conditions was proved. Isolated Langerhans islets transfected with
209
oncogenes ras and myc become immortal. The character of somatosensory evoked potentials
depends on serotonin concentration in peripheral blood.
It was shown that 4-hydroxynonenal, besides being involved as a second toxic messenger of free
radicals action, acts as a growth factor. A very sensitive method for hydroxyl radicals detection, as
marker of oxidative stress, was established.
Newcastle disease virus (chicken is the natural host) penetrate much better in tumor than in normal
mammalian cells. The results obtained on cell cultures were proved in growing experimental tumor.
Following virus injection(s) a pronounced tumor destruction and prolonged survival of treated mice
were noticed.
It has been found out the optimal doses, the time and the way of the application of cisplatine,
cyclophosphamide, iphosphamide and etoposide (VP-16) as a single agent and in combination with
hyperthermia (43,5oC/60 min). The highest antitumour effect was achieved when cisplatine,
cyclophosphamide, iphosphamide and etoposide (VP-16) were given immediately before hyperthermia
(43,5oC/60 min). But the best antitumour effect with VP-16 was seen when VP-16 was applied 72
hours before hyperthermia. With the combination of two or three therapeutic modalities antitumour
effect can be additive, but not synergistic. In the collaboration with the chemists from Institute we have
investigated several compounds as nephroprotectors. Some of those compounds have shown good
nefroprotective effect and could be the candidate for the clinical testing.
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prekursorima limfocita T i u zrelijim razvojnim stadijima timocita. Nastavili smo s radom na genu koji
smo izolirali navedenim metodama te klonirali cijelu cDNA metodom RACE (engl. rapid amplification of
cDNA ends). Slijed nukleotida cDNA za U2 snRNP-A’ protein smo prijavili u GENBANK i ima broj: 317
896 AF230356 (Accession number). cDNA do sada nepoznaotg gena pokazuje veliku homologiju s
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ukazuje da je osim velike homologije u cDNA s U2 snRNP-A’ vjerojatno i funkcija tog gena miša ista
kao i u ljudi.
Research programme and results:
In the Laboratory of cellular and molecular immunology we deal with mechanisms and factors that
regulate lymphocyte development and study genes involved in this process. Lymphocyte development
is a strictly regulated process and not a simple cascade of events. At specific checkpoints lymphocytes
get signals for further development (commitment, differentiation and positive selection) or cell death by
apoptosis (negative selection or death by neglect). Development of the lymphoid system is dependent
on the activity of a family of transcription factors encoded by the Ikaros and related genes (from the
IKAROS, AIOLOS and HELIOS families). It has been shown that these transcription factors modulate
development in a cell specific fashion. A mutation in the DNA binding domain introduced into mice
(knock out mice Ikaros-/-) results in a complete block in lymphocyte development whereas other
hemopoietic lineages develop normally. Heterozygous mice for the Ikaros mutation with the initially
normal lymphocyte development, undergo changes accompanied by lymphoproliferation and
development of leukaemia and lymphoma. Although the human homologues of the AIolos and Helios
genes have not been cloned yet, we succesfully amplified trascripts from human tissues with primers
designed from mouse genes. We found expression of these transcripts in lymphocytes of 20 out of 25
human lymphoma patients and also in cell lines derived from patients with leukaemia. These findings
shed new light on the role of these genes not only in lymphocyte development but also in the
development of lymphoma and leukaemia. In order to study the activation of other genes involved in
lymphocyte development we applied the DD-PCR method (differential display by PCR) which is based
on mRNA analysis from lymphocyte subpopulations at different levels of development. We compared
the mRNA from lymphocyte precursors and more mature thymocytes. So far we cloned the cDNA
fragment derived from one of the differentially expressed mRNA. Application of the RACE method
(rapid amplification of cDNA ends) enabled us to clone the whole cDNA. Sequence analysis of this
cDNA showed that we isolated a new mouse gene, and the sequence data have been submitted to
the GeneBank (accession number 317 896 AF230356). The high homology with the human gene for
ribonucleoprotein involved in RNA splicing, the U2 snRNP-A’. In order to establish also weather the
function of this gene maches the human homologue we studied the tissue distribution of mRNA for this
gene. We compared the U2 gene activity in T lymphocyte precursors and in different developmental
stages of T and B lymphocyte development, in the bone marrow and in more differenciated tissues
(spleen and lymph nodes). The tissue distribution and also U2 gene expression during embrional
development showed that this gene is strongly expressed in tissues that have hte most active
development and it indicates that probably also the function of the newly cloned gene in the maus
matches the human homologue.
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PTCH gen (koji je ranije bio poznat kao gen Gorlinova sindroma ili NBCCS gen) još uvijek jedini
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Pratili smo promjene PTCH u pacijenata s Gorlinovim sindromom: a) citogenetskim analizama
kariotipa, b) analizama 9q22.3 regije sa polimorfnim biljezima, te c) analizama samog PTCH gena koji
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kao i potvrditi rezultate dobivene LOH analizom.
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kao posljedicu ne samo mutacija nego i haploinsuficijencije samog gena.
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Do sada je temeljito ispitana regija 9q22.3 sa polimorfnim biljezima u 14 fibroma ovarija i 10
dermoidnih cista. Premda je gubitak heterozigotnosti za polimorfne biljege iz regije 9q22.3 relativno
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ukazala je na varijabilnosti pojedinih eksona PTCH u tumorskom tkivu. Svi uzorci s varijabilnim
nalazima podvrgavaju se sekvencioniranju. Rezultati su izuzetno zanimljiivi ali još nisu završeni.
Research programme and results:
Analysis of PTCH gene (previously known as Gorlin gene or NBCCS gene) has revealed that its
protein plays a role in a new signaling pathway (hedgegog/patched pathway). PTCH remains the only
known tumor suppressor which contributes to various tumors (basocellular carcinomas,
medulloblastomas) and multiple malformations when mutated.
Our research is continuously focused on sporadic tumors (ovarian fibromas) and malformations
(different types of jaw cysts and ovarian dermoid cysts), the development of which is frequent in Gorlin
syndrome.
We studied PTCH alterations in Gorlin syndrome patients by a) cytogenetic analysis of kariotype, b)
analysis of 9q22.3 polymorphisms where PTCH gene maps, and c) analysis of PTCH exon and intron
regions. We are continuously developing approaches of mutation detection based on single stranded
conformational polymorphism (SSCP) analysis.
Our results show that PTCH inactivation can no longer be analyzed outside the context of PTCH/Hh
signaling pathway, because we found variability in smo (another gene involed in the pathway) in
samples where we expected LOH only for PTCH.
Till now we have analyzed in details 14 ovarian fibromas and 10 ovarian dermoid cysts. Although LOH
for polymorphic markers in 9q22.3 is rare event, single stranded polymorpisms of PTCH exons are
more often, indicating allelic losses of more specific regions in tested tumors. All variable fragments
are under sequencing procedure.
Undoubtedly, PTCH plays an important role during development. The gene is part of a signaling
pathway in which many steps still remain to be identified.
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timidin kinazu iz virusa Herpes simplex (HSVtk), koji u kombinaciji s protuherpesnim lijekom
ganciklovirom (GCV) izaziva samoubojstvo stanica. Retroviralnim prijenosnikom pBabePuro-HSVtk
uspješno smo zarazili stanice melanoma miša B16BL6 koje su tada postale znatno osjetljivije na GCV
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+
 tretiranim sa GCV u koncentraciji
od 20 M tijekom 4 dana dolazi do apoptoze. Nastavili smo i pokuse in vivo, na miševima. Ispitivali
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(karcinomi debelog crijeva), MCF-7 (karcinom dojke), B16 F10 i B16BL6 (melanom miša), Fsar
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ekspresija gena p53 i p21WAF1/CIP1 u stanicama inficiranim s Ad-p53, dokazana je na nivou RNA
(metodom RT-PCR) kao i na nivou proteina (metodom imunocitokemije). Unosom gena p53 u stanice
tumora ljudi došlo je do znatne inhibicije rasta stanica. Najbolja inhibicija dobivena je kod stanica
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linije melanoma miša i Fsar nisu bile znatnije inhibirane.
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ukloniranim fragmentom cDNA nm23-H1 i antisense nm23-H1. U transfeciranim SK-BR-3 stanicama
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konstrukti pcDNA3nm23-H1 sense i antisense te nm23-H2 sense i antisense te nm23-H1 s mutacijom
u aktivnom mjestu enzima. Fragmenti cDNA navedenog gena u postupku su subkloniranja u vektor
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transfekcije gena nm23-H1 na ispitivanim stanicama tj. in vitro.
Research programme and results:
During the year 1999 we proceeded with the research of cancer gene therapy using Herpes simplex
virus thymidine kinase (HSVtk) gene with subsequent activation of the suicide mechanism. HSVtk
renders infected cells sensitive to antiherpetic, otherwise nontoxic drug ganciklovir (GCV). B16BL6
murine melanoma cells were efficiently transduced in vitro by a recombinant replication-defective
retrovirus vector pBabePuroHSVtk. We have found already that infected cells became sensitive to low
concentrations of GCV. The apoptotic cell death was found in B16BL6tk+ cells treated with GCV (20
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was no regression of wild type tumors raised at the distant site of primary B16BL6tk+ tumors. The
failure of more effective bystander effect triggers further investigation of possible application of
combined gene therapy to treat melanoma. With the same vector we successfully infected human
larynx carcinoma cells Hep-2 and found that infected cells exhibit strong sensitivity to GCV.
Three different recombinant adenoviruses were propagated and purified. These are Ad-p53 and Ad-
p21 which contain human wild type p53 and p21WAF1/CIP1 tumor suppressor genes, respectively and
d1312 which is devoid of any gene (control vector). Several human and murine tumor cell lines were
infected with Ad-p53 and d1312: HeLa (cervix carcinoma), CaCo-2 and SW 620 (colon carcinoma),
MCF-7 (breast cancer), B16 F10 and B16BL6 (murine melanoma), Fsar (murine fibrosarcoma). The
PCR method was used for the detection of the adenoviral infection, while the overexpression of p53
and p21WAF1/CIP1 genes was detected on the RNA and protein level (RT-PCR and immunocytochemical
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detection, respectively). The overexpression of p53 gene caused strong inhibition of the growth of all
human tumor cell lines: the growth of the cell line CaCo-2 and SW 620 was suppressed with the MOI
of 30 (30 PFU/cell), the growth of the cell line HeLa was inhibited with the MOI of 40 and MCF-7 with
the MOI of 50. However, the effect was much less pronounced on the murine cell lines: the growth of
the fibrosarcoma was inhibited with the MOI of 200-300, while the growth of other murine cell lines
tested was not significantly inhibited.
For the purpose of the gene therapy by using nm23 gene recombinant plasmid pCMVBamneo with the
cDNA fragment of nm23-H1 and antisense nm23-H1 were propagated and purified. Western blot and
immunocytochemical methods were used to detect nm23 protein in transfected SK-BR-3 cells.
The constructs pcDNA3nm23-H1 sense and antisense, nm23-H2 sense and antisense as well as
nm23-H1 with mutation in active site were also propagated. Subcloning of cDNA fragments of already
mentioned genes in EGFPC3 vector containing gen for green fluorescence fusion protein is under the
way.










THE MOLECULAR-GENETIC BASIS OF MEDULLARY THYROID CARCINOMA
Nositeljica projekta: mr. sc. Koraljka Gall-Trošelj
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Mira Grdiša, doktorica kem. znanosti, znanstvena suradnica
" 5    
  
 
. 5  $   0  
 
" .   
 
 
.'    
 
 
 4!$   
 
 
 45$   
 '  
 





    
 /  
2 #  0
 -   $   
Suradnici iz drugih ustanova:
Maja Herak-Bosnar, magistrica biol. znanosti, asistentica, Hrvatska akademija znanosti i umjetnosti
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Marijeta Kralj, magistrica biol. znanosti, asistentica, Hrvatska akademija znanosti i umjetnosti
Wiliam L. Ragland III, University of Georgia, Department of Avian Medicine, College of Veterinary
Medicine, Georgia, SAD, savjetnik IRB na poslovima vezanim uz pitanja razvitka molekularne
medicine
Sanda Šturlan, magistrica biol. znanosti, asistentica, Hrvatska akademija znanosti i umjetnosti
Program rada i rezultati na temi:
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proteina nm23-H1 rasla je s progresijom tzv. sinkronih lezija i to od displazije preko karcinoma in situ
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premalignih tkiva. Nadalje, ekspresija nm23-H1 mRNA izravno je u vezi s ugradnjom [3H] – timidina u
stanice karcinoma, dakle s intenzitetom sinteze DNA. Dobiveni rezultati nedvojbeno ukazuju na to da
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Research programme and results:
Expression of nm23-H1 was significantly higher in squamous cell carcinoma of head and neck than in
normal, adjacent tissue, dysplasia, or carcinoma in situ. The rate of nm23-H1 increased with
progression of synchronous lesions from dysplasia to carcinoma in situ and finally to carcinoma
(P<0.05). Northern blot analysis of tissues with various clinocopathological characteristics also
revealed differences in nm23-H1 mRNA expression. When levels of nm23-H1 mRNA were compared
to tumor stage, intensity of expression was found to be higher in stages 3 and 4 than in stages 1 and 2
(P<0.01). Malignant tumors had a higher level of mRNA nm23-H1 expression than normal or
premalignant tissues. The nm23-H1 gene expression levels were directly related to the [3H] –
thymidine labeling index in tumor cells (r=0.6681). Our results strongly indicate that the nm23-H1 gene
is involved in progression of SCCHN. Together with results obtained on lung cancer, our observations
suggest that increased expression of nm23-H1 in cancers of the upper aerodigestive tract may have
different implications than elsewhere in the body.
Poticajni projekti u okviru teme:
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GENETICS OF COLON CANCER
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THE ROLE OF DPC4 GENE IN PANCREATIC CARCINOMAS
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PATHOGENESIS OF CHRONIC LYMPHOCYTIC LEUKEMIA
Voditelj teme: dr. sc. Branko Vitale
Tel. ++385 1 4680 240
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ekstracelularnog (MRK-16) i intracelularnog (C-219) epitopa P-glikoproteina (Pgp) sa ciljem da
utvrdimo da li je ekspresija tog glikoproteina svojstvo normalnih i /ili leukemijskih B limfocita. Našli smo
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ekspresija Pgp predstavlja jedno od svojstava klona leukemijskih stanica. 3. da se ekspresija Pgp u
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ovog limfoma dok je ekspresija fuzijskog onkoproteina MPM/ALK, reaktivnog sa protutijelom ALK1,
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Research programme and results:
The relevance of P-glycoprotein (Pgp) which is associated with multidrug reistance (MDR) in B-CLL
was investigated. The precentage of Pgp+ lymphocytes was significantly higher in the group od CLL
patients compared with the age-matched group of healthy volunteers. After the treatment with
chlorambucil experssion significantly decreased for both epitopes, irrespectively of the clinical status
of patients. In a group of 13 CLL patients monitored before and after treatment with chlorambucil,
those who entered complete or partial remission had decreased values for both Pgp epitopes, in
contrast to unchanged or even increased values in non-responsive patients. In this reasearch period
we also studied the expression of NPM/ALK oncoprotein using the monoclonal antibody ALK1 and
molecular techniques to detect oncogenic translocation t(2;5) in a subset of Non-Hodgkin lymphoma
called Anaplastic Large Cell Lymphoma. The molecular event was seen in some 20% of cases but not
always accompanied by the ALK1-detectable protein expression. Correlation studies showed no
prognostic significance of this marker for the studied group of patients. Interestingly we detected
NPM/ALK fusion gene present in control samples of normal lymphatic tissues eg. tonsiles. The
biological significance of this finding is not clear.
OPIOIDNI PEPTIDI I HEMATOPOEZA
OPIOID PEPTIDES AND HEMATOPOIESIS

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K562, mijelodna leukemija HL60, stromalne stanice HS5 i HS27, timom MOLT-4), epitelne stanice
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intracelularnog kalcija.
Research programme and results:
The role of opioid peptides, of related signal molecules and of the membrane metalloendopeptidase
processing the opioids (the CD10 cell surface marker) in the control of cell activity, proliferation and
maturation has been studied. Cell lines derived from human hematopoietic cells (K562
erythroleukemia, HL60 myeloid leukemia, HS5 and HS27 stromal cells, MOLT-4 thymoma), epithelial
cells obtained from human skin and mouse thymoma cells R1.1 have served as the experimental
models. The effects of opioid receptor ligands and of a CD10 blocking agent thiorphan are being
explored. Determination of the membrane markers, specific mRNA, proliferative and adhesion
properties of the cells and the intracellular calcium level are used for the assessment of the effects.
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MEHANIZMI DJELOVANJA ENKEFALINA I PEPTIDOGLIKANA
MECHANISMS OF ACTIVITY OF ENKEPHALINS AND
PEPTIDOGLYCANS
Voditelj teme: dr. sc. Ivo Hršak
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Research programme and results:
The continued research of the role of the hydrolitic enzymes in methionin-enkephalin (MENK)
modulated reactive oxygen species revealed that MENK down-regulated the activity of CD10 marker
(“enkephalinase”) on human neutrophils. The enzymatic activity were correlated with percent of CD10
positive cells only at physiological (10-10M) MENK concentration. Modulation of nitric oxide (NO)
production of mouse peritoneal macrophages by MENK depends on the mouse baseline reactivity, but
not on the animal’s age or sex. Lipid peroxidation (LPO) and total sialic acid (TSA) content is sex- and
age-related, ie. it is significantly higher in older mice and in the females. MENK, however, decreased
LPO only in males and TSA only in young male and female mice. In AKR mice, aged 2-12 months,
wich spontaneously develop leukemia, lipid-bound sialic acid content in the plasma and the
antioxidative status measuring the superoxide dismutase (SOD) activity in erytrocite lysate was
determinated. It was found that with the development of malignancy plasma levels of lipid-bound sialic
acid increased, while the superoxide dismutase activity significantly declined.
The first investigation of the effects of natural zeolite clinoptilolite on the ROS and mammary carcinom
growth rate showed no influence on the tumour growth rate, but significantly reduced LPO in tumour-
bearing mice. After peroral administration only a minimal quantity of zeolite was absorbed through the
gut epithelia.
Poticajni projekt u okviru teme:
KARAKTERISTIKE VEZANJA ENKEFALINA ZA HUMANE NEUTROFILE I MODULACIJA
NJIHOVE FUNKCIJE
MODULATION OF IMMUNE RESPONSE BY ENKEPHALIN BINDING TO NEUTROPHILS
Nositelj projekta: dr. sc. Tihomir Balog
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Primjenom virusnih podjedinica za anti-virusnu zaštitu dobivena su ekološki podobna cjepiva. Za
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znatno smanjuje gubitke u peradarskoj proizvodnji izazvane cijepljenjem.
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na bioaktivni dio (Peptid-D) kalpastatinskog receptora. Nizom eksperimenata dokazano je inhibitorsko
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metode i uvedeni i primijenjeni novi, osjetljivi imunokemijski testovi.
Research programme and results:
An appropriate selection of immunological active proteins, polypeptides and peptides enables the
design of vaccines which generate anti-viral immunity as well as specific response against antigens
associated with tumors and immune-mediated diseases.
Ecollogically convenient viral vaccines were prepared using virus subunits. In order to achieve an
appropriate antigenicity of viral subunits and ensure a high degree of protection, new adjuvants were
prepared. Numerous experiments carried out in field conditions confirmed the protective efficacy of
viral subunits prepared in the form of mono- and polyvalent vaccines and administered as a light
water/oil/water emulsion. No side effects were observed afer application of vaccines tested. They
generated high and long-lasting protective immunity and their application enabled the reduction on the
number of booster doses required for a safe protection. In this way the losses in poultry production
caused by vaccination could be reduced.
 The therapeutic effect of peptides on autoimmune diseases is based on immunomodulating
properties of peptides. The first of bioactive peptides tested was a pentapeptide called Peptide-M
(Met-enkefalin) which is present in different tissues and exersts various modulatory signals on different
cell types. It was proposed, in accordance with an improved model of the molecular recognition, that
bioactivity of Peptide-M is a consequence of interaction with a bioactive fragment (Peptide-D) of
calpastatin receptor. Numerous experiments confirmed that Peptide-D inhibited activity of Peptide-M
and thus the validity of the model of molecular recognition proposed by us, was confirmed.
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In order to analyze efficacy of proteins and peptides during immune protection and therapy, new
immunochemical technique were developed and new, sensitive tests were introduced and applied.
') $+  $%#+  ,"# $ $ "
PANKREASA
CAUSES END CONCEQUENCES OF TRANSPLANTATION
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višestepeni princip kancerogeneze. PA317 stanice kotransfecirali smo s retroviralnim konstruktom
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 &-=4. Produkt transformacije analiziran je
elektronskim mikroskopom i imunokemijski. Transfecirane Langerhansove stanice bile su pozitivne na
onkogene ras i myc i pokazivale su sve simptome besmrtnosti. Reakcija na inzulin u takvim
transformiranim stanicama bila je slabo pozitivna.
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alkoholu iz biljaka: Centaurii herba, Cichorii herba, Juniperi fructus, Millefolii herba, Myrtili folium, Phaseoli
pericarpium, Taraxaci radix, Urticae herba, Urticae radix, Valerianae radix i Morici folium utvrdili smo
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S-transferaze (GST) u jetri te aspartataminotransferaze (AST) i alanin transferaze (ALT) u serumu zdravih
miševa i tretiranih ekstraktom. Histološki nisu otkrivene nikakve lezije ili nekroze parenhima jetre i
 ' 0    
Ispitane su dvije skupine zdravih Wistar štakora oba spola koje su se razlikovale po razini serotonina u
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rasponu od 27 do 31 ms) bile su 1,8 do 2,3 puta više u skupini štakora s višom razinom serotonina. U
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nakon 30 do 40 dana od transplantacije.
Research programme and results:
The best source for remove of diabetic conditions is immortal Langerhans islets. However, the
relatively little is known about genetically basis of transfected Langerhans  cells and these immortal
cells are a god source for transplantation. Some other results support the idea of multistage nature of
cancerogenesis of malignant insulinoma and suggest activation of myc, TGF- and ras as the factor of
initiation of immortality. The in vitro model of early cancerogenesis of malignant insulinoma is
established to confirm that hypothesis. PA317 packaging cell line was cotransfected with retroviral
construct Zipras/myc 9 and dominant selective marker pSv2-NEO. Transiently produced virus was
concentrated and used for infection of mice embryonic Langerhans islets (CBA strain). The growth
factor TGF- was added to the medium before and after the injection. Non-transfected Langerhans
islet lived in culture 15-20 days while the lifespan of islets was examined to 30 days by addition of
TGF-. On the other side, Langerhans islets transfected with oncogene ras and myc become
immortal. Some phenomena changes of transformed -cells, compared to normal ones, were
observed by electronic microscopic and immunocytochemistry. Transformed  cells were more
immunoreactive for myc that normal cells. On the other side, transformed cells showed negative to
weakly positive reaction for insulin, while normal cells showed strong positively for insulin.
We observed significant hypoglycaemic effect in diabetic mice treated by lyophylized plant extract,
prepared by extraction in ethil alcohol from: Centaurii herba, Cichorii herba, Juniperi fructus, Millefolii
herba, Myrtili folium, Phaseoli pericarpium, Taraxaci radix, Urticae herba, Urticae radix, Valerianae
radix, Morii folium.Quantitative relationships between these plants in tea were patented (P-9801091,
Zagreb, Croatia). Except hypoglycaemic effect 6-months treatment of diabetic or healthy mice did not
affect any toxic influence. We followed catalitic glutation S-transferase concentration (GST) in the liver,
aspartataminotransferase (AST) and alanintransferase (ALT) in sera, as well as urea and creatinine.
Moreover, liver and kidney were examined histologically. No significant differences in activity and
concentration of these enzymes were observed in healthy mice treated by that plant extract. Any
lesions or necrosis in liver or kidney parenchyma were not discovered, what prooved untoxicity of that
plant extract.
In two groups of healthy Wistar rats of both sexes with various serum serotonine levels, somatosensory
evoked potential (SEP) characteristics were examined. SEPs were recorded in the same animal through
one hour after 5 or 15 minutes intervals. The SEPs of the same animal were controlled again two months
later. The first group of rats had lower level of blood serotonine (1.62+-0.3 ng/mg protein) and the second
group had significantly higher serotonine level (2.29+-0.11). The results showed that the main
characteristics of the main SEP wave components in the rats with lower blood serotonine level were
manifestly altered. For example, negative amplitudes (range from 27 to 31 ms) were 1.8 to 2.3 fold then in
rats with higher blood serotonine level. Moreover, manifoldly higher positive peaks in the range of 22 to 35
ms were observed in the rats with lower blood serotonine level. Peak-to-peak amplitudes N-18 to P-22 for
the rats with higher level of blood serotonine were shorter for about 30 % and peak-to-peak amplitudes for
P-22 to N-24 for the same group of rats were 56 % shorter. The level of blood serotonine very probably
influence the shape of SEP wave complex.
Neonatal pancreases from singenic donors were transplanted under kidney capsule of alloxan diabetic
mice. 12 from 26 recipients became normoglycaemic after about 30 days after transplantation. Activity of
fructose-1.6-diphosphatase (FDP-ase) which was higher in diabetic mice for about 60 %, returned to
normal values as in healthy mice. However, activity of piruvate kinase (PC) and ATP-citrate lyase (CCE)
which decreased in diabetic mice for about 40 %, in transplanted mice was significantly higher than in
healthy controls. Results obtained showed that glycolytic, gluconeogenic and lipogenic enzyme activities
in transplanted normoglycaemic mice reached approximate the physiologic values within 30 to 40 days
after transplantation.
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inaktivirani virus Njukastlske bolesti, te smo razvili test koji se temelji na kompetitivnoj hibridizaciji
nukleinskih kiselina. Kinetika indukcije RNA ista je za oba interferona i postigla je najvišu razinu 6 sati
nakon imunizacije, pa je nakon pada ponovno porasla i normalizirala se je nakon 7 dana. Ova se
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testa.
Research programme and results:
The regulation of normal and tumor cell proliferation and the approaches to control of tumor growth in
an organism are the main components of the research programme. The research activities were
limited due to unfavorable technical and financial conditions. However, a group studying 4-
hydroxynonenal, a mediator of oxidative stress, clearly indicated that, beside being involved as a
second toxic messenger of free radicals action, it also acts as a growth factor. This very important
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result was published and, as a first information in the literature was included in Current Awareness in
Biomedicine: Signal Transduction & Cyclic Nucleotides publication. Further, a very sensitive method
for hydroxyl radicals detection in an organism, as markers of oxidative stress, was improved. Our
previous data about the efficacy of photodynamic therapy (by using Photofrin II and the red light) and
surgery on mouse tumor were confirmed on other experimental tumor models. The injection of silica
modulate the efficacy of photodynamic therapy, pointing to an important role of the macrophages. It
was, further shown that Newcastle disease virus (chicken is the natural host) penetrate much better in
tumor than in normal mammalian cells. The results obtained in cell cultures were tested on in vivo
models. If the virus was injected into tumor bearing mice a pronounced destruction of tumor was
noticed, depending on the quantity of virus particles injected and tumor size at the time of the
treatment. The modulation of the immune status of tumorous mouse treated with viruses is under
investigation.
In a parallel approach we determined the levels of interferon alpha and gamma mRNA in the blood of
naive, pathogen free chickens vaccinated with inactivated Newcastle disease virus. A competitive
nucleic acid hybridization test for this mRNA detection was developed. Kinetics of induction of the
mRNA were the same for both interferons, reaching the maximum values 6 hours after immunisation,
declining and rising after that initial increase, returning to a normal level in 7 days. This biphasic
response is compatible with paracrine action reported for interferon and other cytokines. By injecting
cyclophosphamide to the chickens the quantity of mRNA production decreased depending to the dose
applied indicating the applicability of mRNA detection test for immune competence.
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Preliminarni podaci pokazuju da neki od ispitanih spojeva mogu djelomice zaštititi bubreg od štetnog
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novih nefroprotektivnih spojeva.
Research programme and results:
The aim of this study was to find out the best doses and the time of the drug application in order to get
the highest antitumour effect. After finding those parameters we wanted to see the influence of
hyperthermia on those drugs. We have used cisplatin, cyclophosphamide, iphosphamide and VP 16
(etoposide). The best antitumour effect was achieved when cisplatin, cyclophosphamide and
iphosphamide were given simultaneously with hyperthermia (43,5 °C/60 min.). On the other hand, the
best time for application of VP16 was 48 or 72 hours before hyperthermia. After that we used
combination of two or three therapeutic approaches, i. e. drug plus heat plus drug or drug plus drug
plus heat. Combination of cisplatin plus heat plus iphosphamide was worse than combination of
cisplatin plus iphosphamide plus heat. The last schedule was additive while the previous one was less
than additive.
We also examined several synthetic compounds synthesized in the Institute, which might have
nephroprotective effect against cisplatin cytotoxicity. Some of them have shown some activity but not
so strong. In our further studies we shall work on two directions. First, to study more precisely some of
those compounds that have shown nephroprotective activity and second to continue search for new
nephroprotective agents.
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C57BL/6-Ly5 i RFM/Rij.
Year activity of the laboratory animals' unit:
The total of 6630 inbred mice were bred and kept during experiments. The strains were: A/J,
AKR/J, BALB/cBkl, CBA/H, C3Hf/Bu, C57BL/Go, C57BL/6J C57BL/6-Ly5 and RFM/Rij.
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U suradnji s partnerima iz Republike Hrvatske (PLIVA, klinike Medicinskog fakulteta, INA), te s onima
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novih potencijalnih lijekova protiv raka.
Research activities out of the continuous research programme:
Two projects, supported by Ministry of Science and Technology of Republic Croatia, are completely
performed in the Division, but the coordinators are aut of the Rudjer Boskovic Institute. The projects
are: "Tumor Bank of Human DNA" (coordinated by academician Šime Spaventi), and "The Genetic of
=57&  5  /K 8 ?  # % .$:
Further, for the purposes of the health in Republic Croatia, population genetic studies and molecular
genetic testing are performed in particular familiar diseases.
In cooperation with the partners from Republic Croatia (PLIVA, clinics of Medical Faculty, INA), and
with these from Austria, Germany and USA, the studies about a possible anticancer action of newly
synthetized drugs as well as those from isolated from natural sources are permanent.
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Husnjak, K.. Workshop on “Preimplantation Genetic
Diagnosis”. Medical School of the Dutch-
speaking Brussels Free University, Brussel,
Belgija, 11.4.-13.4.1999.
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Gall-Trošelj, K. Genska tehnologija u otkrivanju
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Kljenak, A., Fattorini, I.: The use of cultured skin cells
in plastic surgery, predavanje.




enkephalinase (CD10) does not affect proliferation of
human K562 erythroleukemia cells, poster.
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Dipeptidyl peptidase IV (DPPIV) enzyme activity and
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transport and intracellular calcium level in R1.1
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SOCIAL ASPECTS OF THE SCIENCES III:
SCIENCE, CULTURE AND SOCIAL CONTROL
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Gall-Trošelj, K. Social implications of genetic testing
for cancer risk, pozvano predavanje
Grdiša, M. Genetic engineering – social benefits and
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Husnjak, K. Preimplantation genetic diagnosis –
biomedical and ethical issues, pozvano predavanje
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mechanism of antitumour effect of ferric-sorbitol-
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D.: Antiproliferative ability of ferric-sorbitol-citrate and
ferrocenes for malignant cell line, Hep2 and F10,
poster.
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most common CFTR mutations among Croatian
cystic fibrosis patients, poster.
DRUGI HRVATSKI ENDOKRINOLOŠKI KONGRES
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malignim hemangiopericitomima s teškim
hipoglikemijama, poster.
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Molekularna genetika multiple endokrine neoplazije
tipa 2, pozvano predavanje.
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Vrhovac R, Gasparov S, Kardum M-M, Minigo H,
Jaksic B, Hitrec V. Structural abnormalities of
chromosome 1 in acute myeloid leukemia with lymph
node involvement, poster.
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insulin like growth factor I receptor in malignant
haemangiopericytomas with severe hypoglycaemia,
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EUROPEAN SCHOOL OF ONCOLOGY: UPDATE
IN HAEMATOLOGY / ONCOLOGY VI-
BIOTHERAPY
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Levanat, S., Šitum, M.: Molekulska genetika
Gorlinovog sindroma, pozvano predavanje.
17th EUROPEAN CONGRESS OF PATHOLOGY
Barcelona, Španjolska, 18.9.-21.9.1999.
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Jernej, B.: Does serotonine blood level influence SEPs
wave complex in healthy rats? poster.
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expression und rolle von insulin like growth faktor I
rezeptor in malignen hämangioperizytomen mit
schweren hypoglykämien, predavanje.
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MIKROBIOLOGIJE I INFEKTOLOGIJE
Zagreb, Hrvatska, 14.10.-16.10.1999.
Sudionice: Grce, M.; Husnjak, K.
Prilozi:
Grce, M.: Genital human papillomavirus among
Croatian women, pozvano predavanje.




adenokarcinomima debelog crijeva, poster.
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urealyticum i mycoplasma hominis s metodom
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limfocitnoj leukemiji, poster.
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Dokazivanje NPM-ALK transkripta kod non-hodgkin
limfoma, poster.
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Vitale B. RT-PCR studija genske ekspresije
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medijatora hiperkalcemije, u tumorima hematopoeze,
poster.
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hematologiji?, poster.
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Strukturne promjene kromosoma 1 u akutnoj
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i hodgkinovom bolesti, poster (prva nagrada za
najbolji znanstveni poster)
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inducirana leukocitoza u rezistentnoj CD5+ B-
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limfocitnom leukemijom, poster.
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5th ALPE - ADRIA - DANUBE SEXUALLY
TRANSMITTED DISEASES WORKSHOP WITH
ANNUAL MEETING OF CROATIAN
DERMATOLOGICAL SOCIETY
Opatija, Hrvatska, 29.10.-31.10.1999.
Sudionice: Grce, M.; Husnjak, K.
Prilozi:
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papillomavirus infections among Croatian women,
pozvano predavanje
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significance of human papillomavirus DNA types in
men with genital warts, predavanje
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GHP.: Indices on the involvement of growth hormone
and insulin-like growth factor type I in the
phenomenon of enhanced osteogenesis in patients
with traumatic brain injury and bone fracture, poster.
ZNANSTVENI SASTANAK: MALIGNI TUMORI I
ŠTETNOSTI U OKOLIŠU U NAS
Zagreb, Hrvatska, 15.11.1999.
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etiologiji malignih tumora, pozvano predavanje
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CONFERENCE ON SCREENING AND EARLY
DETECTION OF CANCER, DEVELOPMENT OF
EUROPEAN STRATEGY
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232
2	!2 .% 5	!-6	 5%
&		 .% 	 % *	 &% 	 %A
Genetic analysis in the differentiation of polyposis
syndromes, poster.
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papillomavirus detection in Croatia, poster.
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K.: APC gene mutation detection by submerged gel
electrophoresis of PCR fragments, poster.
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Nevoid Basal Cell Carcinoma Syndrome, poster.
PUBLIC UNDERSTANDING OF SCIENCE –
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deliver science to the public, pozvano predavanje
1999 ANNUAL MEETING OF THE CROATIAN
IMMUNOLOGICAL SOCIETY
Zagreb, Hrvatska, 25.11.1999.
Sudionici: Antica, M.; Balog,T.; Gabrilovac, J.;
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induced down-regulation of APN activity and the
release of superoxide anion, poster.
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Insulomimetric substance and allografts rejection,
poster.
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Dominis, M.; Antica, M: Transcription factors of the
zinc finger family in human malignancies, poster
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CALLA (CD 10) molecule and gene expression in
human keratinocytes, poster.
IMMUNOLOGY IN THE NEXT MILLENIUM
Dunedin, Novi Zeland, 5.12.-8.12.1999.
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Antica, M. i Hoffman- Fezer: snRNP U2 in lymphoid
malignancies (snRNP U2 u oboljenjima ljudi),
1.7.1999.-1.1.2002. Internacionalni ured za
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znanosti i tehnologije Republike Hrvatske, (br. KRO-
006-99).
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commitment and development from stem cells, Mayo
Cancer Foundation, Rochester, Min, SAD i
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Molekularna Medicina, IRB, Zagreb.
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dijagnostika i terapija H. pylori infekcije, (br.108104)
Ministarstvo znanosti i tehnologije Republike
Hrvatske, Medicinski fakultet, Zagreb i KBC i
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imunoterapija i ispitivanje mehanizama alergijske
upale, (br. 129003) Ministarstvo znanosti i
tehnologije Republike Hrvatske, Medicinski fakultet,
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Zagreb.
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rasta, Medicinska fakulteta, Medicinski center za
molekulsko biologijo, Ljubljana, Slovenija.
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Tema izvan programa:
NEUROFARMAKOLOGIJA GABA I 5-HT SUSTAVA
NEUROPHARMACOLOGY OF GABA AND 5-HT SYSTEM
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Tel: ++385 1 4561 126, e-mail: pericic@rudjer.irb.hr
Suradnici na temi:
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Dorotea Mück-Šeler, doktorica med. znanosti, viša znanstvena suradnica
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posebice onih koji djeluju putem GABA i 5-HT sustava, proširenju temeljnih spoznaja o funkciji
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tip veznih mjesta. Afinitet rekombinantnih receptora za flunitrazepam nije se razlikovao od afiniteta
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konvulziva 3H-TBOB, i ona se nisu, osim po broju receptora, razlikovala od svojstava stabilno
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stabilno eksprimirani rekombinantni GABA-A receptori mogu koristiti kao vrlo pogodan model za
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glukokortikoida i neurosteroida u antikonvulzivnom djelovanju stresa.
Autoradiografskom metodom je pokazano je da flesinoksan, agonist 5-HT1A receptora, smanjuje
brzinu sinteze serotonina (5-HT) u velikom broju regija štakorskog mozga. Pad brzine sinteze 5-HT u
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noradrenalina (dezipramina).
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unosa 5-HT), izazviva pad koncentracije trombocitnog 5-HT, ne mijenja aktivnost trombocitne
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depresivnih bolesnica.
Research programme and results
The research is focused on the investigation of the mechanism of action of neuropsychoactive drugs,
primarily those acting via GABA and 5-HT neurotransmitter system, on the elucidation of the
fundamental facts about the function of GABAergic and serotoninergic (5-HT) neurones and their
interaction with the endocrine system, and on the elucidation of the ethiopathogenesis of psychiatric
disorders and pathophysiology of stress.
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subtype) were continued. The interaction of selected compounds with the binding of benzodiazepine




 	   122s subunits of GABA-A receptors, was studied. Scatchard
analysis of binding data revealed the existence of a single type of binding site for 3H-flunitrazepam.
The affinity of these sites for the radioligand was similar to that of the native receptors, while their
number exceeded that in the brain. GABA and barbiturates enhanced, while benzodiazepines
displaced with the expected affinity the labelled flunitrazepam. All methods necessary to obtain the
recombinant GABA-A receptors by transient transfection were introduced. The properties of transiently
&$		 122s subtype of GABA-A receptors studied by convulsant 3H-TBOB were not, except in
the number of receptors, different from the properties of stably expressed receptors, suggesting that
besides the native GABA-A receptors, both transiently and stably expressed GABA-A receptors may
be used as a suitable model for the studies of the mechanism of action of neuropsychoactive drugs.
The studies on the pathophysiology of stress were continued. The possible involvement of
glucocorticoids and neurosteroids in the anticonvulsive effect of stress was studied in mice.
Using the autoradiographic method, it was shown that the administration of flesinoxan, the agonist of
5-HT1A receptors, decreases the rate of the 5-HT synthesis in the majority of discrete rat brain
regions. A decrease of the 5-HT synthesis rate in serotoninergic cell bodies, and a simultaneous
increase in serotoninergic terminals was detected after acute administration of the 5-HT (fluoxetine)
and noradrenaline (desipramine) reuptake inhibitors.
In the extension of our study on the ethiopathogenesis of psychiatric disorders, it was shown that
schizophrenia occurs similarly in men and women born in different seasons. Male and female
schizophrenic patients born in winter had increased platelet 5-HT concentration when compared to
patients born in other seasons, whereas healthy subjects born in different seasons had similar platelet
5-HT concentration. Further, it was demonstrated that prolonged (4 and 24 weeks) treatment with
sertraline (an inhibitor of the 5-HT reuptake) elicited a decrease of platelet 5-HT concentration, did not
affect platelet monoamine oxidase activity and binding of 3H-paroxetine to the platelet membranes,
and improved the clinical state of female depressed patients.
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CENTER FOR MARINE RESEARCH
Dr. sc. Nenad Smodlaka, predstojnik Zavoda
Tel: ++ 385 52 830 401, fax: ++385 52 813 496
Ustroj Zavoda:
Laboratorij za ekologiju i sistematiku (LES), dr. sc. Dušan Zavodnik, voditelj laboratorija
Laboratorij za procese u ekosustavu mora (LPEM), dr. sc. Danilo Degobbis, voditelj laboratorija
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Laboratorij za morsku molekularnu toksikologiju (LMMT), dr. sc. Renato Batel, voditelj laboratorija
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RESEARCH OF PROCESSES AND ECOLOGICAL
RELATIONSHIPS IN THE ADRIATIC
Direktor programa: dr. sc. Dušan Zavodnik
Teme u sastavu programa:
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The general scope of the program is a better knowledge of the Adriatic Sea taking into account the
economical demands of the Republic of Croatia and environmental protection. A prerequisite for the
determination of the state and trends in changes conditioned by natural and anthropogenic factors is
the knowledge of basic interrelationships and processes in ecosystems and marine organisms.
Therefore, complex field and laboratory researches are planned focussed on the: a) determination of
physical, chemical and biological characteristics of the Adriatic Sea and its particular areas; b)
fundamental study and monitoring of the pelagic ecosystem dynamics, particularly in the northern
Adriatic; c) basic studies of benthic ecosystems and biodiversity determination; d) interdependence of
pelagic and benthic ecosystems with special regard to “sea blooming”; e) study of pollutants and
activity mechanisms at DNA, enzyme and other biochemical characteristics organism levels; f)
biochemical and physiological research of marine organisms and development of methods for the
determination of toxicological stress; g) study of osmolyte and toxic metals transport in marine
organisms; h) efforts in an acceptable management and protection of Adriatic selected areas and
organisms; i) education in marine sciences.
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MORA
BIOLOGICAL DIVERSITY OF SELECTED ADRIATIC SEA AREAS
Voditelj teme: dr. sc. Dušan Zavodnik (do 30.12.1999.)
Tel:++385 52 815 144/22, e-mail: dzavodnik@cim.irb.hr
Suradnici na temi:
 : $" 5  
 
Mirjana Hrs-Brenko, doktorica biol. znanosti, viša znanstvena suradnica
 !    
 
   ;<=>=???
 !0 $" 5  
 
Andrej Jaklin, magistar oceanol. znanosti, asistent
@    
 
+     
 0 
. A#    
 
   ;<=>=???
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Program rada i rezultati na temi:
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, što se
podudara s podacima dobivenim prije tridesetak godina u doba njihova najbujnijeg rasta.
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Podrobnija laboratorijska obrada uzoraka morkih organizama sakupljenih proteklih godina u podmorju
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 Caulerpa taxifolia na otoku Krku (Malinska) ukazuju na
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amphitrite iz prirodnih staništa (u kojih sa 70% prevladava kalcit) i uzgojenih primjeraka u kojih u istom
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bazalnog dijela ljuštura.
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ustanova znatno su proširena naša saznanja o prisutnosti i rasprostranjenju pojedinih svojti u
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jadranskih beskralješnjaka. Revidirane su i ponovno opisane sve više svojte brahiurnih rakova iznad
razne roda. Opisano je nekoliko novih porodica, više potporodica i veliki broj rodova.
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Jadranu. Dobiveni rezultati populacijske analize ukazuju na visoku repopulaciju i rast, slabo ugibanje i
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bentoskih alga i cvjetnica Jadranskog mora
Research programme and results:
SCUBA research was undertaken along the western coast of the Istrian peninsula, in Medulin Bay and
environs of Plomin, and at the Krk Island. An advanced restoration of Cystoseira associations and
increase of the algal biomass of 8 kg m-2 fresh weight was recorded at some sites. The biomass of the
bryozoan Cellaria salicornioides settlement noticed at the Banjole Islet attained a maximum of 3360 g
m-2, out of which more than half shared by Cellaria. The muddy sediment digged out in the Plomin
harbour affected harmfully the hard bottom communities in the area. Laboratory studies of biological
material collected in the Mljet National park showed a greater biological diversity than established
previously.
In the Malinska area (Krk Island) a further advance of the Caulerpa taxifolia settlement  to about 4000
m2 occupancies of sea bottom was noticed. Community analyses revealed many juvenile bivalves and
decapod crustaceans, especially Ilia nucleus. A typical seasonal dynamics of epibiontic meiofauna
240
was correlated with an algal phylloid surface in dependence before all on the film sedimented on algal
fronds. In winter time, different quantities of oxygen and nitrogen stabile isotopes were noted in
Caulerpa.
Monitoring of sediment living meio- and nematofauna at offshore North Adriatic stations 103 and 107
revealed community structure variations within normal ranges.
Attention was paid to environmental conditions and pollution effects on biomineralisation processes
and changes in shell mineral composition in marine invertebrate embryos, larvae and adults. It is
suggested that antifouling paint effects resulted in a specific mineral composition of the shell basis in
the barnacle Balanus amphitrite.
Invertebrate taxonomic studies contributed to biological diversity assessments in the eastern Adriatic
Sea. A review of all existing data on the bivalve Corbula gibba suggested  the high growth and
repopulation capability, low mortality rate and faunal associate relations. All high taxonomic units of
brachyuran decapod crustaceans were revised, and new taxa was described. The Center for Marine
Research collection was enriched with liquid and dry animal lots, and seaweeds and seagrasses
exiccata.
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TVARI U EKOSUSTAVU SJEVERNOG JADRANA S POSEBNIM
OSVRTOM NA EUTROFIKACIJU I "CVJETANJE MORA"
MECHANISM OF LONG-TERM CHANGES IN THE ORGANIC MATTER
CYCLE OF THE NORTHERN ADRIATIC ECOSYSTEM, WITH SPECIAL
REFERENCE TO EUTROPHICATION AND MUCILAGE EVENTS
Voditelj teme: dr. sc. Danilo Degobbis
Tel: ++385 52 811 544/44, e-mail: degobbis@cim.irb.hr
Suradnici na temi:
Danilo Degobbis, doktor kem. znanosti, viši znanstveni suradnik
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podataka za fitoplanktonsku zajednicu, te provjeravati i nadograditi na temelju dodatnih podataka, koji
se sakupljaju u okviru raznih projekata.
Tijekom 1999. godine obavljena su mjerenja na postajama u sjevernom Jadranu za koje postoje
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Jadran i Projekta MAT (od lipnja) na temelju ugovora s ICRAM-om iz Rima. Dobiveni podaci ukazali su
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biomasa i aktivnost svih frakcija autotrofnog planktona i mikroheterotrofa, primarna i bakterijalna
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mikrofitoplanktona do 15 milijuna stanica/L, dominiran diatomejama Skeletonema costatum i Pseudo-
nitzschia delicatissima    $#  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Analiza nizova podataka za razdoblje 1972-1994. godine ukazala je da se u godinama masovne
pojave sluzavih nakupina (“cvjetanje mora”) sastav fitoplanktonske zajednice nije bitno razlikovao od
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Rovinj-rijeka Po, su Pseudo-nitzschia delicatissima, Dactyliosolen fragilissimus (sin. Rhizosolenia
fragilissima) i Nitzschia longissima f. tenuirostris.
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protoka topline i vlage, odnosno uzgonskog protoka na granici more-atmosfera, protoka rijeke Po i
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ili anoksija, “cvjetanje mora”). Pretpostavlja se da bi ovaj vrtlog mogao nastati prilikom prijevremenog
zagrijavanja mora krajem zime.
Research programme and results:
The knowledge of long-term change mechanisms for the main processes of the organic matter cycle is
essential to predict possible fluctuations of biological resources (eg. fish stocks), and to estimate the
relative importance of natural (primarily climatic) vs. anthropogenic influence on the northern Adriatic
ecosystem. Particularly, it is important to establish eutrophication trends, and show if this process
plays significant roles in unusual phenomena that occur in the Adriatic Sea (e.g., the mucilages).
Statistical models of long-term changes in the northern Adriatic ecosystem have been elaborated from
historical data series. These models, and related working hypotheses, will be further verified with new
data that will be collected in the framework of this and other researches.
During 1999 several cruises have been performed in the northern Adriatic in the framework of the
National Adriatic Project and the Project MAT (since June) coordinated by ICRAM from Rome,
including stations for which historical data series are available. Data have indicated that the winter
1997/1998 was warmer than usual. This was probably related to an intrusion of central Adriatic waters
to the northern Adriatic, even more marked than in the second part of the 1998. In these conditions, all
the autotrophic plankton fractions, the microheterotrophs, as well as the oxygen production and
consumption in the organic cycle in the northern Adriatic were at a minumum, while the sea
transparency was unusually high. The species composition of the microphytoplancton was usual, and
monoalgal blooms, typical for the period May-early July, were not registered, even in the western,
more eutrophic regions. Only in April an intesive, but localized bloom of up to 15 million cell/L was
registered in the area 25 km off the Po Delta. The bloom was dominated by typical diatoms for the
region (Skeletonema costatum and Pseudo-nitzschia delicatissima).
An analysis of a historical data set (1972-1994) suggests that the species composition of the
microphytoplankton community in years of the mucilage events was not significantly different
compared to other years when the phenomenom did not occur. The most frequent species (found in
40-60% of 2245 samples collected along the profile Rovinj-Po Delta) are Pseudo-nitzschia
delicatissima, Dactyliosolen fragilissimus (sin. Rhizosolenia fragilissima) and Nitzschia longissima f.
tenuirostris.
An analysis of long-term changes (1966-1992) evidenced relashionships among the surface heat,
water and buoyancy fluxes, the Po River discharge rate, and geostrophic currents in the region.
Periodic appearances of the southwards Istrian coastal countercurrent (ICC) indicated a possible
formation of an anticyclonal gyre in the northeastern Adriatic in years when unusual phenomena
occurred (near-anoxia or anoxia, mucilage events). This gyre probably forms in years when sea
warming start earlier than usual at the end of the winter.
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PROCESI STVARANJA I PRETVORBE ORGANSKE TVARI U
EKOSUSTAVU JADRANSKOG MORA S POSEBNIM OSVRTOM NA
EUTROFIKACIJU I "CVJETANJE MORA"
PRODUCTION AND TRANSFORMATION PROCESSES OF ORGANIC
MATTER IN THE NORTHERN ADRIATIC ECOSYSTEM, WITH
SPECIAL REFERENCE TO EUTROPHICATION AND MUCILAGE
EVENTS
Voditelj teme: dr. sc. Nenad Smodlaka
Tel: ++385 52 830 401, e-mail: smodlaka@cim.irb.hr
Suradnici na temi:
Dragica Fuks, doktorica biol. znanosti, viša asistentica
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bitna uloga zajednica mikrobne petlje u iskorištavanju otopljenih organskih spojeva. Na temelju
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osnovne karike hranidbenog lanca provjerilo bi se da li su dosadašnje procjene primarne proizvodnje
organske tvari u Jadranu pouzdane.
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parametara rasta fitoplanktonske i bakterijske zajednice agregata mogu se razlikovati dvije grupe
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vode, te najviši udio bakterijskih masnih kiselina. U ovoj su grupi uvjeti rasta bakterija bili najpovoljniji
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agregata je nastavljeno u 1999. godini.
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vjerojatno kao posljedica “starenja” fitoplanktonskih cvatova. Sedimentacijom se TEP prenosi i u
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Research programme and results:
The knowledge of mechanisms and processes of the organic matter cycle is essential for a reliable
evaluation of fish and other commercial marine organisms standing stocks, representing the basis for
their rational exploitation. This is of particular importance for the Adriatic Sea since it is possible that a
significant portion of primary production becomes inaccessible for the highest links of the food chain,
primarily during intensive blooms, and/or increased phytoplankton excretion. The role of the microbial
loop community using dissolved organic compounds is of high importance. On the basis of the most
recent knowledge about the role of phytoplankton excretion, microbial loop and transport of the
organic matter through the plankton food web the reliability of the existing estimates for the Adriatic
primary productivity would be proved.
The role of phytoplankton and bacterial community in the self-sustaining processes of aggregates of
different sizes that was formed during the mucilage event of 1997, as well as in 1998 when the
phenomenon was interrupted at its initial phase and in years when the event did not occur (1993 and
1994) was evaluated from analyses of sample fatty acid compositions. On the basis of growth
parameters of phytoplankton and bacterial communities two groups of aggregates can be
distinguished. The first group consists of the majority of small aggregates (<2 cm) from the years when
the phenomenon did not take place, and from the period when large aggregates started to form (< 0.5
m). As a rule these aggregates were of the same taxonomic composition of the surrounding water.
The second group consists of aggregates of various dimensions (0.5 cm - 4 m) formed during the
mucilage event with different phytoplankton composition of the surrounding water, and the highest
proportion of bacterial fatty acids. The latter group, where optimal conditions for bacterial growth were
observed, consisted mostly of large aggregates, dominated by the large pennate diatom Cylindrotheca
closterium (> 70 %), while in the water it was present in negligible concentrations. It is known that this
diatom can produce mucus in larger quantities with respect to other species, and that it can well
develop in the mucus matrix. Research of the bacterial role in the processes within the mucus
aggregates has been continued in 1999.
The mechanism of the seasonal cycle of production and decomposition of transparent exopolymers
(TEP) was preliminary studied. These particles are important in aggregation processes of the organic
matter and may also have a role in the mucilage phenomenon. The highest production was observed
at the end of spring, probably as a result of phytoplankton bloom decay in the surface layer of lower
salinity. In this period, probably a considerable fraction of produced TEP is sedimentend to deeper
layers. In summer, the concentrations are higher in the upper layer of the water column, probably
because well developed pycnoclines reduce the transport rate of particles to the deeper layers. In
winter, when the water column is unstable, with the lowest bacterial activity, TEP accumulates in the
bottom layer.
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REMOTE SENSING AND MATHEMATICAL MODELING OF THE
ADRIATIC
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Program rada i rezultati na temi:
&       0 0  #  $ 
#  $  # $$    1 1
$  #  $
 $  $ 1

1 1I  #1 #1 
!"  
   $ 1  $
 
   #/
" 
 
5 I1 #1     $ 
1 $ $0 $    " 1  2
$ #1   1 $  "  1  
$   " 
   I$# $   
Jadranu.
!    $         
 *(6%% *
(C 61 % % $ 
 $ 5 $0 $ 
,, . $ " 0 $  4 $ =??; 
 
$#   
  
  
 $ " 
  50
promjenjivosti analiziran je trineastogodišnji niz (1985-1997) petodnevno usrednjenih AVHRR scena.
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model transporta.
Research programme and results:
This research theme is founded on the methodological tripod consisting of theory, experiment and
computer simulations. The empirical part includes in situ data collection and remotely sensed data,
while computer simulations comprise implementation and use of nonlinear, three-dimensional hydro-
and thermodynamic models.
The research is organized in several separately defined, but related tasks including: study of relation
between the northern Adriatic riverine discharges and wind, application of remotely sensed sea
surface temperature and reflectance fields in research of the Adriatic oceanographic features, use of
mathematical models and altimetry data in marginal seas dynamics studies, and empirical and
modeling studies of seasonal and shorter-period variability of the northern Adriatic motions.
During the third program year the activity focused on processing and analysis of the AVHRR
(Advanced Very High Resolution Radiometer) data with a view to determine the sea surface
temperature (SST). For the purpose of studying a Po River runoff event individual daily SST images
from the period were analyzed, whereas a 13-year series (1985-1997) of SST pentads were used to
study seasonal and inter-annual variability. Within the mathematical modeling segment previously
tested model (Quoddy) was used in a comparative study of the data assimilation usefulness in the
Adriatic Sea tidal response research. The comparison with a classical solution has shown the
superiority of the data assimilation approach.
Within the seasonal and sub- seasonal variability research segment, previously derived monthly
dynamic height fields (surface to 30m) were used to calculate the relative geostrophic velocities and
their variability on the seasonal scale. Within the stochastic modeling framework the influence of non-
trivial correlation in the (Gaussian) velocity field on the transport of mass was explored. It has been
shown exactly that the lack of correlation in the velocity field (white noise) leads to the classical
diffusion solution as the transport model.
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IMPACT OF POLLUTION ON PROGRAMMED BIOSYNTHESIS IN
MARINE ORGANISMS WITH SPECIAL EMPHASIS ON GENOTOXIC
RISK ASSESSMENT
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Research programme and results:
Scientific work has been focused on investigations of mechanisms of interaction of living cells and
pollutants on the molecular and cellular levels, as well as on the genotoxic risk assessment in the
marine environment. Special emphasis were devoted to inductions of genes included in DNA repair,
programmed cell death and genotoxin activation. We have continued to study the effect of model
contaminants on ser/thre kinase in marine sponge Suberites domuncula as well as the induction of
stress protein Hsp70 in mussel Mytilus galloprovincialis as a biomarker of pollution. Toxicity and
genotoxicty of sea waters and DNA damage in mussel gills detected by originally developed FAST
MICROMETHOD has been analysed on 30 sampling sites (hot spots) along the Adriatic coast from
 1  % +#  1  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Project Jadran. Till December 1999 samples were collected 6 times.
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Program rada i rezultati na temi
Analize biokemijskih parametara u krvi lubina iz uzgoja pokazale su vrlo visoke vrijednosti holesterola i
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marinama, kako za bakar tako i za druge antivegetativne sastojke kao TBT, Cd i druge. U okviru
programa “Jadran” nastavljeno  je mjerenje stabilnosti lizosomalne membrane i metalotioneina u
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Research programme and results
Blood  chemistry constituents were analysed in the blood of farmed sea bass and very high
concentration of cholesterol and triglycerides were observed in the prespawning period, thereafter
these parameters fell gradually during spawning period. The test for separate measurement of
aspartate aminotransferase isoenzymes activity in sera and tissues of grey mullet, Mugil auratus, was
developed using protease chymotrypsin which selectively inactivate this isoenzymes. The
measurement of aspartate aminotransferase  isoenzymes was performed in normal and phenol
injected grey mullets. The toxicity of copper, one of the essential antivegetative additives in the
antifouling paints, is rapidly enhanced soon after fertilization, during the early cleavage and the highest
is after the hatching of swimming blastulae. The lowest EC50 were estimated at the level of 0.12 and
   	
-1
 respectively, confirming that the method measuring the delayed synthesis of DNA and
echinochrome in developing sea urchins larvae is recommended for biomonitoring of copper
contamination in the harbours and marinas, as well as for other antifouling additives like TBT, Cd and
other. The lysosomal membrane stability and metallothionein production in the digestive gland of
mussels Mytilus galloprovincialis L. were used as biomarkers for detection of biological effects of
pollutants  in  biomonitoring  programme “Jadran”. No differences were found  between  the content of
metallothionein in digestive glands of mussels from polluted and non polluted area, while the stability
of the lysosomal membrane was significantly decreased.
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Na izabranim postajama u sjevernom i srednjem Jadranu pratili smo gama radioaktivnost u
sedimentima, organizmima i morskoj vodi.Rezultati ne ukazuju na promjene radioaktivnosti u odnosu
na prošlu godinu.
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Research programme and results:
Ecophysiological research was focused on studies of the transport mechanisms of osmolytes under
hyposmotic stress conditions. In dilute seawater (DSW) total Na,K-ATPase activity in posterior gills
quadrupled and Na/Ca exchange specific activitry was unaffected and total affinity increased 1.67-fold.
Western blot analyses indicated that the amount of Na,K-ATPase alpha subunit had increased in
crabs acclimated 3 weeks to dilute seawater. Short-circuit current in voltage-clamped posterior gill
hemilamella isolated from DSW acclimated crabs was markedly increased compared to the SW
acclimated crabs In the gill hemilamella up to 90 per cent of the short-circuit current is ouabain
sensitive indicating prominent role of the Na,K-ATPase driven processes. A negative correlation
between branchial Na,K-ATPase activity and cAMP content points to rapid regulation of transport
enzyme through cAMP-dependent protein kinase A activity. Ca-transport may depend on the high
capacity Na/Ca exchanger coupled to the versastile sodium pump.
Studies on the level of metabolically active copper in the Adriatic lobster Homarus gammarus are in
progress. Muscle growth and haemolymph volume are in functional dependence with hemocyanin and
copper concentration changes.
Gamma radioactivity with particular emphasis to the Cs-137 was measured in the North Adriatic
sediment, selected organisms and seawater showing trends of the last several years.
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Research activities out of the continuous research programme:
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(PROJEKT “JADRAN”)
CROATIAN NATIONAL MONITORING PROGRAMME: “SYSTEMATIC RESEARCH OF
THE ADRIATIC SEA AS A BASE FOR SUSTAINABLE DEVELOPMENT OF THE
REPUBLIC OF CROATIA” ( PROJECT “ADRIATIC”)
/   9 , 
 /  * & P !% ,$
Program rada i rezultati:
4  
5   $     $1 $   
5     1  4  4  
$ 
1 
 0   
   5   " 
 1
 $#    1  $    
#  
$ 5 
 6 $ $ 
 
 & 
bioraznolikost ili sporazumi o klimatskim promjenama).
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Tokom 1999. godine aktivnosti na projektu bile su smanjene zbog nedostatka sredstava. Smanjenje
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Research programme and results:
The Project builds on currently existing national monitoring and data collection activities, as well as
international activities in which Croatian institutions participate. The scope of the Project is to be
determined primarily by the specific requirements for solution of constraints identified as hampering
the sustainable development of the Croatian Adriatic region, although it should also deal with issues of
regional and global significance whenever they form part of Croatia's international obligations (e.g.,
issues relevant to Barcelona, biodiversity or climate change conventions).
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various Croatian institutions and Universities (Institute for Oceanography and Fisheries, Split and
Dubrovnik; Croatian Hydrographic Institute, Split; Faculty for Natural and Mathematical Sciences,
University of Zagreb).
During 1999 activities on the Project were reduced due to insufficient financing. Reduction were not
the same for all components of the Project. More attention was payed to the observation of the sea
during touristic season, to be able to alert responsible organizations in case of unusual events (eg.
mucilage phenomena, toxic algae bloom), and biomonitoring. The Project is closely connected with
international programs like the projects MAT (ICRAM, Italy) and MEDPol III (UNEP).
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2. PROCESI STVARANJA SLUZAVIH NAKUPINA U JADRANSKOM I TIRENSKOM
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PROCESSES OF MUCILAGE FORMATION IN THE ADRIATIC AND TYRRHENIAN SEAS-
PROJECT MAT: MONITORING OF THE PROFILE ROVINJ-PO RIVER DELTA
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Centrale per la Ricerca Applicata al Mare (ICRAM) uz sudjelovanje 27 operativnih jedinica sa
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ZIM-a i, ZIMO-a iz IRB, te Instituta za ribarstvo i oceanografiju (IOR)-laboratorij u Dubrovniku. Zadatak
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(krstarenja “Najade” i “Ciclope”).
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Research programme and results:
The Italian Ministry for the Environment support a comprehensive project that includes complementary
fundamental and applied researches, with the aim to improve the scientific knowledge on the
processes related to the formation of mucilage aggregates, useful to select adequate measures to at
least reduce the consequences of the mucilage events in the Adriatic and Tyrrhenian seas on the
tourist and fishery industries. Istituto Centrale per la Ricerca Applicata al Mare (ICRAM) is charged for
the coordination of the Project, in which several research groups (27) from Italian universities and
research institutes participate to the Project, including a Croatian group of scientists from CMR and
CMRE of the RBI, and Institute for Oceanography and Fisheries (IOF)-Dubrovnik Laboratories. This
group is charged to monitor and study relevant processes in the northern Adriatic region between
Rovinj and the Po Delta. In the framework of this activity it will be possible to organize an early
warning system in case of mucilage events. The activities of the Croatian group are complementary to
those planned in the National Project “Jadran”, and it is relevant that the measurements are now
performed also in the territorial waters of the two countries by counterpart research vessels. A (much
less comprehensive) research of the Adriatic covering areas from “one to the other coast” was
conducted only once before in 1911-1913 (cruises of the RV “Najade” and “Ciclope”).
The activities started in June 1999. and will last four years (three years of experimental field and
laboratory work). Intercalibration experiments were already performed, and several meeting and two
workshops were organized to discuss technical problems and the first obtained results.
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ZBOG ODLAGANJA MULJA IZ PLOMINSKE LUKE
RESEARCH ON POSSIBLE MUD REDEPOSITION AND EUTROPHICATION IN LARGER
AREAS AS A CONSEQUENCE OF PLOMIN HARBOR MUD DISPOSAL
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SURVEY ON BENTHIC COMMUNITIES OF THE PLOMIN BAY AREA
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Program i rezultati rada:
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resuspendiranih kopanjem mulja u Plominskoj luci i njegovim odlaganjem na ulazu u Plominski zaljev,
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unutar nekoliko tjedana od prestanka odlaganja mulja.
Research programme and results:
The influence of dredging and disposal operations of marine sediment in the Plomin Bay on the
ecosystem of the Quarner Bay was studied during late spring and summer of 1999. It was shown that
resuspended finer fractions can be transported in significant concentrations up to a radius of
approximately two km out of the entrance of the Bay. However, the caused changes on the suspended
matter distribution, water transparency, eutrophication degree, and benthic communities of the
influenced area were still within the natural ranges. It was estimated that the natural conditions can be
reestablished within a few weeks after the end of the operations.
5. KEMIJA SEKUNDARNIH METABOLITA U MORSKIH ORGANIZAMA SREDNJEG I
SJEVERNOG JADRANA
CHEMISTRY OF SECONDARY METABOLITES INMARINE ORGANISMS OF MIDDLE
AND NORTH ADRIATIC SEA
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Molecole di Interesse Biologico, Napoli, Italija
Program rada i rezultati:
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Research programme and results:
The purpose of the proposed research is to discover new metabolites from marine organisms, and to
determine their structure and function. Crude extracts and new products will be tested for antiviral,
antitumoral and phytotoxic activities.
6. STUDIJE TRANSPORTNIH MEHANIZAMA OSMOTSKI AKTIVNIH TVARI U MODELNIH
MORSKIH ORGANIZAMA.
STUDIES ON TRANSPORT MECHANISMS OF OSMOTIC ACTIVE COMPOUNDS IN
MODEL MARINE ORGANISMS.
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Research programme and results:
Research activities mainly concern the ionic-exchange and primary transport mechanisms (Na,K –
ATPase, H – ATPase) of membranes, their regulation during stress conditions (salinity changes, toxic
substances) and during characteristic life cycles (reproduction, and moulting) in marine crabs.
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SLATKOVODNE I MORSKE BESKRALJEŠNJAKE KAO MODELNE ORGANIZME.
IMPACT OF ENVIRONMENTAL POLLUTANTS WITH ESTROGENIC AND/OR
GENOTOXIC PROPERTIES ON FRESHWATER AND MARINE INVERTEBRATES AS
MODEL ORGANISMS.
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za tu svrhu razvili.
Research programme and results:
The project concerns the mechanisms of action of xenobiotics that have genotoxic and/or estrogenic
(and anti-estrogenic) properties on water organisms. Genes that might modulate interactions of these
xenobiotics were taken into consideration with special emphasis. The impact of xenobiotics on DNA
were investigated throughly with the methods developed by our groups.
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BIOMINERALIZATION PROCESSES IN BARNACLES
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Research programme and results:
Biomineralization in the embryos, first shelled stages, juvenile and adult barnacles was investigated
with special emphasis on changes of shell mineral composition caused by different pollutants. The
results contribute to an international project related on biomineralization in marine organisms.
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MINERAL COMPONENTS AND SHELL STRUCTURE IN SOME SNAIL SPECIES
(GASTROPODA).
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Slovenske Akademije Znanosti in Umetnosti, Biološki Inštitut, Ljubljana, Slovenija
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Program i rezultati na temi:
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odabranih morskih organizama.
Research programme and results:
Influence of specific environmental factors on biomineralization and mineral components in the shells
of several subterranean and freshwater snails from Slovenian Alps were investigated. Results will be
compared with biomineralization in selected marine species.
10. STABILNI IZOTOPI U TROPSKOJ ALGI CAULERPA TAXIFOLIA.
STABLE ISOTOPES OF TROPICAL GREEN SEAWEED CAULERPA TAXIFOLIA.
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Odelek za Geologijo, Ljubljana, Slovenija
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Research programme and results:
Influence of ecological factors on biomineralization processes and oxygen and nitrogen stable
isotopes in tropical algae Caulerpa taxifolia, and other benthic organisms present in C.taxifolia
colonies were investigated.
11. ULOGA MIKROORGANIZAMA U EKOSUSTAVU SJEVERNOG JADRANA
THE ROLE OF MICROORGANISMS IN THE NORTHERN ADRIATIC ECOSYSTEM
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masovne pojave sluzavih agregata (“cvjetanje mora”). Ove su aktivnosti komplementarne s ciljevima i
programima teme 1303 i 1304, kao i Nacionalnog projekta “Jadran”.
Research programme and results:
The Project is granted in the framework of the scientific and technological collaboration between the
Croatian and Slovenian Governments, with the aim to improve the knowledge on the relationships
between the bacterial and phytoplankton biomass, and better understand the role of pico and
nanoplanton in the northern Adriatic food webs. The collaboration is established between the
scientists from the CMR, Rovinj and from the  Marine Station at Piran of the National Institute of
Biology of the Ljubljana University.
Experience and results, achieved in the open northern Adriatic waters (along the profile Rovinj-Po
Delta) and near coastal waters (Gulf of Trieste), were exchanged, particularly those related to the
composition and processes within the microbial loop during mucilage events. This activity is
complementary to the research of the projects 1303 and 1304, and of the National Project “Jadran”.
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ECODYNAMIC PROCESSES IN THE NORTHERN ADRIATIC, PHENOMENA AND
MODELLING ASPECTS
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   Nenad Smodlaka, dr. Robeto Purini I dr- Fulvio
Crisciani, Istituto Talassografico, CNR, Trst, Italija
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Splitu i Istituta Sperimentale Talassografico (CNR) u Trstu.
Na temelju zapisa mareografa u Trstu, Rovinju, Bakru, Zadru, Splitu i Dubrovniku analizirani su uzroci
izuzetno visokog vodostaja, koji su uzrokovali poplavljivanje obale. S druge strane obavljena je
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zagrijavanjem zemlje zbog “efekta staklenika”.
Research programme and results:
The Project is granted in the framework of the scientific and technological collaboration between the
Croatian and Italian Governments, with the aim to improve the knowledge on the mechanisms of
marine level oscillations, and on the cycles of organic nitrogen and phosphorus fractions in the
northern Adriatic ecosystem. The collaboration is established between the scientists from the CMR,
Rovinj, the Geophysis Department of the Zagreb University, the Hydorgraphic Institut in Split and the
Istituto Talassografico (CNR) in Trieste.
Based on mareographic data collected in Trieste, Rovinj, Bakar, Zadar, Split, and Dubrovnik, the
mechanisms of unusually high sea levels, that cause innundation of the coast, were analysed.
Moreover, intercalibration activities of analytical methods for total nitrogen and phosphorus were
performed, and a research on historical data started to study the role of nitrogen and phosphorus
organic fractions during mucilage events. These researches may contribute to important goals of the
National Project “Jadran”, like the reduction of eutrophication and prevention of the coast innundation
that may in the future be more frequent as a consequence of the earth heating due to the “greenhouse
effect”.
13. SATELITSKA DETEKCIJA POVRŠINSKE TEMPERATURE JADRANSKOG MORA
REMOTE SENSING OF THE ADRIATIC SEA SURFACE TEMPERATURE
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   Thomas S. Hopkins, Department of Marine, Earth and
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vremenom nastupa i trajanja konvekcijske sezone dva spomenuta oceanografske cilja su dodatno
tijesno povezana, osim što se oba temelje na uporabi AVHRR podataka. Naš rad na realizaciji prvog
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Research programme and results:
The objective of this research was threefold: to develop local capability to process and analyze
remotely sensed AVHRR data, to study excessive Po River discharge events, and to characterize the
onset and duration of the Adriatic convective season. Since excessive accumulation of freshwater can
interfere with the onset and duration of convective season the two oceanographic goals are closely
related in addition to being based on the use of AVHRR data. Our work towards the first goal has
shown that validation of regression-tuned, split-window-based algorithms is still open to research,
leaving a room for regional optimization. The  work on the oceanographic objectives has demonstarted
the usefulness of the remotely sensed data in both tracing a large runoff event and exploring the
Adriatic convective season.
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(Chlorophyta) settlement at Malinska, Croatia
(North Adriatic Sea, Krk Island). // Fourth
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15.02.1999.
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suradnje:
Degobbis, D.; Smodlaka, N.: Associazione Regionale
per la Prevenzione Ambientale Emilia Romagna
(ARPAER)-Unita Daphne, Cesenatico, Italija, 27-
29.1.1999.
Degobbis, D.: Universita di Bologna, Centro Ricerca
Interdipendente Scienze Marine (CRISM),
Bologna, Italija, 24.3.1999.
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WORKSHOP ON THE “COORDINATED ADRIATIC
OBSERVING SYSTEM”
Trst, Italija, 21.10.-23.10.1998.
Sudionici: Batel, R.; Degobbis, D.; Ðakovac, T.;





Batel, R.; Bihari, N.: Biological monitoring of
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Monitoring experience in the “open” northern Adriatic
waters, with special reference to the profile Rovinj-Po
Delta, predavanje.
Malej, A.; Degobbis, D.; Fonda Umani S.: Problems
and issues of the wider northern Adriatic,
predavanje.
Smodlaka, N.; Degobbis, D.: New approaches in the
organization of monitoring activities. The example of
the Croatian National Project, predavanje.
FOURTH INTERNATIONAL WORKSHOP ON
CAULERPA TAXIFOLIA
Lerici, Italija, 1.2.-2.2.1999.
Sudionici: Iveša, Lj.; Zavodnik, N.
Prilog:
Zavodnik, N.; Iveša, Lj.; Travizi, A.; Jaklin, A.: Recent
study of Caulerpa taxifolia (Chlorophyta) settlements
at Malinska, Croatia (North Adriatic Sea, Krk Island),
predavanje
NACIONALNI PROJEKT “JADRAN”: RASPRAVA U
OKVIRU PROBLEMA 1.3, 1.4, 1.6, 3.1 i 3.2.
Rovinj, Hrvatska, 2.3.-4.3.1999.
Sudionici: Degobbis, D.; Ðakovac, T.; Fuks, D.;
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Degobbis, D.: Hipoteze o pojavi “cvjetanje mora”-što
pratiti u cilju razvoja sustava ranog javljanja pojave
“cvjetanja mora”, predavanje.
Degobbis, D.: Osnovni oceanografski parametri,
hranjive soli i klorofil a, predavanje.
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mikroskopu i bakterijska proizvodnja, predavanje.
Fuks, D.: Mikrobna petlja u sjevernom Jadranu i
TEP, predavanje.









Precali, R.: Banka podataka, predavanje.
Travizi, A.: Meiofauna kao indikator nedostatka kisika
pri dnu, predavanje.
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Gallo, R.; Ostrow, J.D. ;Tiribelli, C: ATP-dependent
transport of unconjugated bilirubin in yeast, poster.
Cupelli, F.; Pascolo, L.; Anelli, P.L.; Lorusso, V.;
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ATP-dependent transport of magnetic resonance
imaging (MRI) contrast agents in rat liver canalicular
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sjevernog Jadrana od 1972.-1994. godine,
predavanje.
BIODIVEZITETA IN VARSTVO SLOVENSKEGA




Jaklin, A.; Zavodnik, D.: Biološka raznolikost obalnog
mora zapadne Istre, pozvano predavanje
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Biomineralization in bivalve molluscs and calcareous
algae in the Adriatic Sea, predavanje
THE 3rd WMO INTERNATIONAL SYMPOSIUM ON
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the Adriatic Sea tidal open boundary conditions:
259
From a reduced model dynamics to data
assimilation, poster.
THE 22nd GENERAL ASSEMBLY OF THE
INTERNATIONAL UNION OF GEODESY AND
GEOPHYSICS (IUGG99)
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I WORKSHOP DEL PROGETTO “PROCESSI DI
FORMAZIONE DELLE MUCILLAGINI
NELL’ADRIATICO E NEL TIRRENO - MAT”
SEMINARIO SUI PROCESSI DI FORMAZIONE





Degobbis, D.: Condizioni ambientali che favoriscono
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equations – Pathwise approach, predavanje.
BIOLOGY & EVOLUTION OF THE BIVALVIA
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A.: The Basket Shell Corbula gibba (Olivi, 1792)
Corbulidae, Bivalvia), poster
Peharda, M.; Hrs-Brenko, M.; Bogner, D.;Onofri, V.;




for the study of Bivalve distribution in saltwater Lake
Malo jezero (Mljet National park, South Adriatic Sea),
poster
NUTRIENTS AND TROPHIC DYNAMICS.
ADRIATIC WORKSHOP
Rovinj, Hrvatska,17.10.-23.10.1999.
Sudionici: Degobbis, D.; Ðakovac, T.; Ivan1 0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Prilog:
Degobbis, D.: Hypoxia in the northern Adriatic,
predavanje




GEOLOGICAL SOCIETY OF AMERICA ANNUAL
MEETING
Denver, Colorado, SAD, 25.10.-29.10.1999.
Prilog:
McKinney, F.K.; Jaklin, A.: Dense growth of a small
erect bryozoan: effect on sediment accumulation,
predavanje
WORKSHOP “BENEFICES DE L APPLICATION DU
SYSTEME MONDIAL DE L OBSRVATION DE L




Smodlaka, N.: CAOS-A proposed regional activity of
C-GOOS and MED-GOOS, predavanje.
II WORKSHOP DEL PROGETTO “PROCESSI DI
FORMAZIONE DELLE MUCILLAGINI
NELL’ADRIATICO E NEL TIRRENO - MAT”
Bologna, Italija, 24.11.-26.11.1999.
Sudionici: Degobbis, D., Ðakovac, T., Ivan1 0


 $ +!  # * /
# 
Prilozi:








 $< %! # !
	 #
fitoplancton lungo il transetto A in Adriatico
settentrionale, predavanje.
Precali, R.: Caratteristiche fisico oceanografiche
lungo il transetto A in Adriatico settentrionale,
predavanje.





transetto A in Adriatico settentrionale, predavanje.
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Precali, R.: ekspert United Nations Environment
Programme (UNEP), Coordinating Unit for the
Mediterranean Action Plan, Atena
/
# < %1	 
 %
(






















Degobbis, D.: Monitoraggio lungo il profilo Rovigno-
Delta del Po, Istituto Centrale per la Ricerca
Applicata al Mare (ICRAM), Rim, Italija
Degobbis, D.; Smodlaka, N.: Ekodinamièki procesi
sjevernog Jadrana, fenomenološki i modelistièki
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Corrosione Marina dei Metalli“ Genova, Italija.
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Znanstvenoraziskovalni Center SAZU Biološki
Inštitut, Ljubljana, Slovenija.
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elementarno-izotopski sastav u Jadranskom
moru Naravoslovnotehniška fakulteta, Oddelek
za Geologijo, Ljubljana, Slovenija.
Smodlaka, N.: Uloga mikroorganizama u ekosustavu
sjevernog Jadrana, MZT, hrvatsko-slovensko
bilateralna suradnja
Zavodnik, N.: Secondary metabolites chemistry of
marine organisms in Adriatic Sea and their
pharmacology, Istituto per la Chimica di
Molecole di Interesse Biologico CNR, Arco
Felice (Napoli), Italija.




aktivnih tvari u modelnih morskih organizama,







Tone Wraber, Oddelek za botaniko,
Naravoslovnotehniška fakulteta, Univerza v
Ljubljani, Ljubljana, Slovenija, 1.2.1999.
Robert R. Christian, Professor, Biology Department,
East Carolina University, Greenville, NC, SAD,
23.3.1999.
Michele Giani, Istituto Centrale per la Ricerca
Applicata al Mare (ICRAM), Chioggia, Italija,
20.4.1999.
Mauro Mecozzi, Istituto Centrale per la Ricerca
Applicata al Mare (ICRAM), Rim, Italija,
20.4.1999.
Tadej Dolenec, Oddelek za geologijo,
Naravoslovnotehniška fakulteta, Univerza v
Ljubljani, Slovenija, 27.4.1999.
Júlia Katalin Török, Department of Systematic
Zoology, Loránd Eötvös University, Budimpešta,
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15.6.1999.
Rudolf K. Zahn i Gertrude Zahn-Daimler, AMMUG,
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Mainz, 1.7-31.8.1999
Hellmuth Forstner, Institut für Zoologie und
Limnologie, Leopold-Franzens-Universität,
Innsbruck, Austrija, 19.7.-31.7.1999.
Reinhold Hanel, Institut für Zoologie und Limnologie,
Leopold-Franzens-Universität, Innsbruck,
Austrija, 19.7.-31.07.1999.
Werner E.G. Müller i Isabel Müller /1
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1.9.1999
Günter Hertweck, Senckenberg, Wilhelmshaven,
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Katshushi Sakai, Zoologisches Institut, Universität
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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3.9.1999.
Michael Türkay, Zoologisches Institut, Universität
	 	  1 =>(
3.9.1999.
Rajko Slapnik, Znanstvenoraziskovalni Center SAZU
Biološki Inštitut, Ljubljana, Slovenija, 26.9.-3.10. i
20.12.-23.12.1999.
Sjoerd Wendelaar Bonga, Odjel za animalnu
fiziologiju, Univerzitet u Nijmegenu, Rovinj, 4.10.-
9.10.1999
Giorgio Alberti, Museo Civico di Storia Naturale, Trst,
Italija, 5.11. i 8.12.1999.
Claudio Batelli, Pedagoška fakulteta, Koper,
Slovenija, 5.11. i 8.12.1999.
Znanstveni skupovi u organizaciji
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WORKSHOP ON THE “COORDINATED ADRIATIC
OBSERVING SYSTEM”
Trst, Italija, 21.10.-23.10.1998.
(suorganizatori: ZIM, IRB, Rovinj; Istituto
Talassografico, CNR, Trst, Italija; Morska Postaja,
NIB, Piran, Slovenija)
NACIONALNI PROJEKT “JADRAN”: RASPRAVA U
OKVIRU PROBLEMA 1.3, 1.4, 1.6, 3.1 i 3.2.
Rovinj, Hrvatska, 2.3.-4.3.1999.
NUTRIENTS AND TROPHIC DYNAMICS.
ADRIATIC WORKSHOP
Rovinj, Hrvatska,17.10.-23.10.1999
(suorganizatori: ZIM, IRB, Rovinj; Great Lakes












Tel: ++385 1 4680 127, fax: ++385 1 4680 242
Ustroj Zavoda:
Laboratorij za biogeokemiju organskih spojeva, dr. sc. Marijan Ahel, voditelj laboratorija
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KOPNENOM DIJELU HRVATSKE
ENVIRONMENTAL RISK STUDIES IN THE ADRIATIC AND
CONTINENTAL REGIONS OF CROATIA
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Teme u sastavu programa:
Biogeokemija organskih spojeva u prirodnim vodama, dr. sc. Marijan Ahel, voditelj teme
Fizikalna i bio-geo-kemija tragova metala u vodenim sustavima, dr. sc. Marko Branica, voditelj teme
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ORGANSKIH SPOJEVA U MORU I KOPNENIM VODAMA
BIOGEOCHEMISTRY OF SPECIFIC BIOGENIC AND
ANTHROPOGENIC ORGANIC COMPOUNDS IN THE MARINE AND
FRESHWATER SYSTEMS
Voditelj teme: dr. sc. Marijan Ahel
Tel: ++385 1 4561 042, e-mail: ahel@rudjer.irb.hr
Suradnici na temi:
Marijan Ahel, doktor kem. znanosti, znanstveni savjetnik
Dubravka Hršak, doktorica bioteh. znanosti, viša znanstvena suradnica
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Research programme and results:
Composition of organic matter in natural waters is extremely complex and individual compounds differ
from each other significantly with respect to their origin, biogeochemical behaviour and
ecotoxicological properties. This project aims at systematically investigating biogeochemical behaviour
of biogenic and anthropogenic organic compounds in different freshwater and marine environments
using highly specific analytical techniques such as high-resolution gas chromatography, high-
performance liquid chromatography and mass spectrometry. In addition to extensive field
observations, the assessment of a given organic compound includes also studies of key processes,
which govern its behaviour in real systems, under laboratory-controlled conditions. Among various
compounds studied a special attention was paid to photosynthetic pigments and their breakdown
products, which are useful biomarkers of phytoplankton biomass, and to carbohydrates that play an
important role in the formation of gelatinous macroaggregates. The determination of photosynthetic
pigments was applied to investigate phytoplankton dynamics in the northern Adriatic and in the saline
Rogoznica Lake. Dense phytoplankton blooms in the northern Adriatic are as a rule a consequence of
freshwater pulses into the surface layer, while in the Rogoznica Lake the nutrient regeneration in the
bottom layer is the predominant mechanism that fosters phytoplankton growth. The ratio of
fucoxanthin and 19'-hexanoyloxyfucoxanthin seems to be a useful indicator of eutrophic gradients in
the northern Adriatic. The concentration of carbohydrates was most of the time comparable to the
levels reported for other coastal seas and oceans, however, during summer periods a significant
accumulation of carbohydrates can occur. Pluriannual observations of carbohydrate concentrations
during the stratified period revealed that much higher levels were determined in years characterised
by mucilage events. Moreover, a concurrent determination of the chemotaxonomic pigments indicated
that diatoms played a key role in the production of carbohydrates. Investigation of the behaviour of
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anthropogenic compounds was focused on their molecular characterisation in solid waste, landfill
leachates and groundwater. Several new pollutant types originating from pharmaceutical industry were
identified and investigated in a polluted groundwater aquifer. Methods for the determination of
nonionic surfactants of the alkylphenol polyethoxylate type and their endocrine-disrupting metabolites
were developed. Further experiments were performed in order to elucidate possible importance and
the role of methane utilising bacteria in global methane cycling and pollutant transformation. To
evaluate the distribution of methane utilising bacteria in a variety of environments, the enrichment and
isolation of these bacteria were performed from different samples (meadow soil, landfill leachate,
eutrophicated saline lake sediment, and marine coastal sediments). Although there were differences in
growth rate between the enrichments from different environments, further subculturing of those
enrichments under the conditions with methane as the only carbon and energy source suggested that
methane utilising bacteria were present in all samples. Results obtained so far also showed that the
fraction of methane utilising bacteria recovered from environmental samples is a small fraction of the
total bacteria present, and that there are difficulties in their cultivation, isolation and identification,
especially from the marine environment.
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TRAGOVA METALA U MODELNIM I PRIRODNIM VODENIM
SUSTAVIMA
PHYSICAL CHEMISTRY AND BIOGEOCHEMICAL EQUILIBRIUM AND
PROCESSES OF TRACE METALS IN MODEL AND NATURAL
AQUATIC SYSTEMS
Voditelj teme: dr. sc. Marko Branica
Tel: ++385 1 4680 231, e-mail: branica@rudjer.irb.hr
Suradnici na temi:
Marko Branica, doktor kem. znanosti, znanstveni savjetnik (u mirovini od 1.7.1999.)
) ;$   
 
, B$   
 ( 
Goran Kniewald, doktor geol. znanosti, viši znanstveni suradnik
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Nevenka Mikac, doktorica kem. znanosti, viša znanstvena suradnica
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Ostale aktivnosti na projektu bile su:
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specimen banking).
Research programme and results:
Ample research studies on model experimental systems, using recently developed home-made
electrochemical procedures, in the concentration range between 10-7 and 10-10 mol/L that correspond
to natural concentration levels, are envisaged. Hydration, hydrolysis, metal complexing capacity,
adsorption/desorption processes, redox state as well as the rearrangement of the distribution of
chemical forms of trace metals in aquatic systems were studied. Prevailing biogeochemical processes
of trace metals in natural and polluted waters have been studied in detail. Interactions of ionic forms
between macro- and microconstituents of the water phase, as well as sediments and biota have been
established. Equilibrium constants of each predominant process have been measured, wherefrom the
distribution of each chemical form as well as the exchange rate between different chemical forms were
studied. Based on these data, the distribution of the species in aqueous phase is evaluated.
The results obtained contribute to the knowledge of the equilibrated conditions, trace metals
interactions in a broad concentration range which corresponds to natural - pristine aquatic systems as
well as to the conditions prevailing in polluted waters. Newly developed, highly sensitive analytical
procedures for the trace metals determination as well as their speciation and metal complexing
capacity were experimentally successfully applied on natural water samples.
Laboratory measurements were performed in model electrolyte solutions which composition is close to
natural conditions of the water column. The results of the distribution of trace metals between natural
waters, sediments and living organisms -mussels, were obtained.
Other activities are as follows:
Development and utilization of the appropriate material for the electrochemical cell for the
determination of very low concentration levels of trace metals as well as their chemical forms
(below 10-10 mol/L) in natural water systems.
Determination of the conditions under which the material of the electrochemical cell as well as of the
entire system does not influence actual trace metals concentrations in natural water samples due
to adsorption and/or contamination.
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Significant improvement of the reproducibility and sensitivity of the determination of trace metals and
metal complexing capacity with the standard addition of a "model" redox pair.
Essential improvement of the sensitivity of the newly developed method for "synergetic adsorption" of
trace metals complexes on the electrode surface.
Elaboration of mathematical treatment of two overlapping signals.
Speciation of organometallic compounds (mercury and lead) in natural aquatic samples (water,
sediments, and mussels).
Interaction of dissolved uranyl species on solid phases (colloids, particles and electrode surface)
Assessment of a long-term storage of marine environmental samples - marine specimen banking.
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hranjivim solima. Tijekom eksperimenta glavna vrsta fitoplanktona koja se razvila bile su dijatomeje, a
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organske tvari) tako i bioloških parametara (plankton, bakterije) u vodenom stupcu jezera. Nastavljena
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Research programme and results:
Organic matter is a minor but important component of natural waters, as it plays a major role in many
processes: biological, geological and chemical. It is well known that organic matter influences the
physico-chemical state and processes of microconstituents and pollutants in aquatic environments
and thus their availability to aquatic life, adsorption at interfaces and biogeochemical cycles.
Laboratory and field experiments are used to study in more detail chemical composition and physico-
chemical properties of organic substances in natural and polluted waters especially with respect to the
nature of surface active substances. Investigations are carried out both in aqueous electrolyte
solutions under controlled conditions as well as in different samples of natural waters (seawater,
freshwater and estuarine samples) using electrochemical and spectroscopic methods, monolayer
techniques and by determination of total organic carbon.
In 1999 investigations were aimed at a more detailed study of dynamic changes of the quantity and
chemical composition of organic matter in the northern Adriatic influenced by physico-chemical and
biological processes in the sea. This was important particularly in order to better understand frequent
occurrence of extensive phytoplankton blooms in the northern Adriatic followed by the formation of
gelatinous macroaggregates in the sea (last event occured in 1997). Extracellular excretion of surface
active organic matter during a nutrient enriched phytoplankton culture growth was studied. Diatoms
were found the dominant phytoplankton species growing during the experiment while increased
concentrations of both polysaccharides and proteins, in dissolved and particulate phases, were
determined in natural seawater enriched with nutrients. Since polysaccharides are the main organic
component of marine mucilage, we have studied adsorption of various polysaccharides on model
interfaces as well as the influence of other ions and molecules (especially sulfide) on physico-chemical
properties of polymeric carbohydrates. Chemical composition and physico-chemical characteristics of
natural and ex-situ reconstructed sea surface microlayer samples were studied using complex
methodological approach such as chromatographic analysis of lipids, electrochemical characterization
of adsorbable organic matter, and monolayer techniques for surface pressure and surface potential
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measurements. We concluded that the most important source of organic substances is in-situ
production of organic substances by the present plankton and bacteria. Increased temperatures and
photochemical reactions modify organic matter into more adosorbable compounds.
Investigations in the Rogoznica Lake were continued and focused on the sulfur speciation in the
anoxic water layer and on seasonal variations of the chemical (oxygen, nutrients, organic matter) and
biological parameters (plankton, bacteria) in the water column of the lake. Organic load of freshwater
systems, infiltration of pollutants in the groundwater and aquifers as well as the impact of
contamination from a municipal solid waste landfill (Zagreb, Croatia) on groundwater quality were
studied.
Poticajni projekt u okviru teme:
SPECIJACIJA SUMPORA U MORU I INTERSTICIJSKOJ VODI MORSKOG SEDIMENTA
SULFUR SPECIATION IN THE SEAWATER COLUMN AND MARINE POREWATERS
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pravokutnim valovima potencijala kombinirane s adsorptivnom ili abrazivnom akumulacijom analita na
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Difuzija iona i elektrona u mikrokristalima nemetala teorijski je analizirana jednostavnim modelom bez
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kokaina na krutim podlogama direktnim prenošenjem mikrokristala na površinu grafitne elektrode i
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identifikaciju praškastih supstanci koje se koriste u farmakologiji.
Voltametrija s pravokutnim valovima potencijala korištena je za mjerenje koncentracija
benzoilekgonina koji je metabolit kokaina i dokaz korištenja droge. Istom su voltametrijskom tehnikom
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s = 1400  30 s-1 i koeficijent prijelaza elektrona  = 0.55  0.02) i 6-propil-2-
tiouracila (ks = 25  5 s-1 i  = 0.6  0.1) i kompleksnih spojeva bakarnih iona s oksinom (ks = 0.8 s-1 u
puferu pH 7.7, odnosno ks = 60 s-1 i ks = 4 s-1 za redukciju CuOx+ i Cu(Ox)2 u nepuferiranoj otopini).
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Ovom je metodom dokazano i postojanje kompleksnog spoja uranil-selenata s konstantom stabilnosti
log1 = 1.57  0.01.
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mikroelektrode na diferencijalne pulsne voltamograme.
Research programme and results:
During the year 1999 the theoretical and methodological investigations of electroactive substances
adsorbed to the surface of mercury electrodes and redox reactions of solids were continued. A
square-wave voltammetry combined with the adsorptive and the abrasive accumulations of analytes
on the working electrode surface was used for the development of quantitative and qualitative
methods for the determination of cocaine, quinhydrone, indigo, acridine, famotidine, probucol,
benzoylecgonine, uranylselenate, propylthiouracil and copper-oxine complexes. Besides
electroanalytical applications, this method enables the measurement of redox kinetics of accumulated
reactants. Eleven scientific papers were published.
Coupled diffusion of ions and electrons in microcrystals of insertion compounds is theoretically
analyzed by a lattice-gas model without interactions. A difference between the surface and volume
components of the current is noticed and the redoks reaction of organic microparticles, which exhibit
no ionic conductivity, is extended to droplets of liquids, which are not miscible with water. The
similarities and differences between these two reaction systems are recognized.
An electroanalytical method for the qualitative detection of cocaine powder traces on solid substrates
is developed. It is based on the direct transfer of microcrystals onto the graphite electrode surface and
their voltammetric determination. The abrasive stripping voltammetry was applied to investigate the
electrochemical properties of several different insoluble organic compounds with the purpose of a
direct identification of powder substances in pharmacology.
A square-wave voltammetry at a mercury drop electrode was used for the electrochemical detection of
benzoylecgonine, which is a metabollyte of cocaine, and it indicates the use of the alkaloid. By the
same method the parameters of redox kinetics of probucole (the standard rate constant ks = 1400  30
s-1 and the cathodic transfer coefficient  = 0.55  0.02), 6-propyl-2-thiouracil (ks = 25  5 s-1 and  =
0.6  0.1) and copper-oxine complexes (ks = 0.8 s-1 in the buffered solution at  pH 7.7, and ks = 60 s-1
and ks = 4 s-1 for the reduction of CuOx+ and Cu(Ox)2, respectively, in unbuffered solutions) were
determined.This method was used for the study of uranyl-selenium interactions.It was shown that a
coordination species UO2SeO4 was formed and that its stability constant was log1 = 1.57  0.01.
The contributions to the theory of polarography and voltammetry include the analyses of the minimum
separating diffusion and adsorption polarographic waves of the adsorbed reactant reduction, then the
maximum of square-wave voltammetric reduction current of this reactant and the influence of the
radius of spherical microelectrode on differential pulse voltammograms.
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za interpretaciju eksperimentalnih podataka o takovim procesima. Razvoj informacijskih i
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heterogenim aktivnim mjestima za vezanje metala. Reinterpretirani su eksperimentalni rezultati
adsorpcije plemenitih plinova na heterogenim površinama.
Razvijen je konceptualni model podataka iz transnacionalnog monitoringa (TNMN) kvalitete
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Zemlje, pojave ozonskih rupa i standarda sanitarne kvalitete mora.
Research programme and results:
Digital modeling of pollution transport in surface and ground waters. Development of mathematical
models of chemical reactions at the solid-liquid interface and their application for interpretation of
experimental results for these processes. Development of information and communication systems for
investigation of natural waters. Application of GIS and digital image processing in investigation of
natural waters. Assessment of nutrients, hydrocarbons and heavy metals load from anthropogenic
sources (population, turism, industry) into the Adriatic Sea in Croatia.
The investigation of interaction of heavy metals with organic mater in aquatic systems is continued.
Applications of models of interaction of metals with heterogeneous active sites at heterogeneous
interfaces have been continued. Experimental results about adsorption of noble gases on
heterogeneous surfaces have been reinterpreted using this model. Conceptual data models for
Transnational Monitoring Network (TNMN) of water quality in Danube River Basin and the model of
data about emission of pollutants to surface waters in the same region are developed. Detailed
analysis of DEFF system is performed and proposals for its improvement are made. Development of
distributed multimedia integral information system for management of data on water quality is initiated
which will enable direct access to data bases and application development using INERNET and WWW
technology. This investigation is included into the Danube Environmental Programme supporting
DRPC Convention activities. A critical study of the development of Environmental Information System
for Danube River Basin has been undertaken within the UNDP/GEF Danube Pollution Reduction
Programme. Development of Integrated Information system for Danube Convention (DANUBIS) is
initiated. Development of modern communication systems based on telematic techniques is initiated.
Analysis of anthropogenic and natural sources of pollution is continued, and quantities of pollutants in
water and natural waters are estimated which are transported from individual settlements, local
communities, and regions, to the Adriatic aquatorium are estimated. Total balance of fresh waters
transported to Adriatic Sea is estimated. The analysis of global Earth worming, ozone hole and
sanitary quality of the sea water is initiated.
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ORGANISMS AS BIOINDICATORS OF QUALITY OF THE WATER IN
WHICH THEY LIVE
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biokemijskih parametara, resorpcije hranjivih sastojaka, pojave bakterijskih, virusnih i parazitarnih
bolesti, tehnologije uzgoja i ishrane uzgajanih i divljih populacija riba. Patohistološkom pretragom
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posljedica virusne infekcije eritrocita, spontanih grešaka u diobi stanice ili uslijed djelovanja
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Research programme and results:
Considering the known influence of water quality on patophysilogical conditions of aquatic organisms,
health conditions of aquatic organisms has been controlled for the occurrence of diseases. To this
purpose investigations were performed of biochemical parameters, resorption of nutrients, occurrence
of bacterial, viral and parasitic diseases as well as the investigations of the technology of culture and
nourishment of cultured organisms. Patohistologically  in most examined cultured fish were found
changes in liver ranging from lipid infiltration to degeneration, while in wild population such changes
272
were less severe. Biochemical results indicate  increased level of cholesterol and neutral fats in most
cultured fish, while in mullets the level was lower. Blood plasma parameters of the investigated fish
specimens show a variability in haematocrits higher than 15%, and individual low haematocrits and
total protein values in the plasma, pointing to the possible occurrence of bacterial and other diseases
in association with the water quality change. Viruses were not detectet by clasical virusological
examination (inoculation of homogenised tissue- kidney, liver, spleen, brain onto cell cultures; EPC,
FHM, CHSE-214). Degeneration of nucleus of red blood cells and cytoplasmatic inclusion bodies were
determined by microscopical investigation in both cultured and wild fish.  This may be the result of viral
infection of red blood cells, spontsneous failure in cell multiplication or pollution. Investigations of
nutrition were based on investigating the food of seawater fish belonging to different age categories
and its nutritive value. The results of freshwater fish experiments were the basis for health condition
monitoring of seawater organisms living in natural conditions and cultured seawater organisms.
POVRŠINSKO-KEMIJSKA I ELEKTROKEMIJSKA SVOJSTVA
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siltovi sastavljeni od minerala glina, karbonata i kremena, dok su srednjejadranski sedimenti gotovo
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koroziji pokazala je površina modificirana hidrotermalnim postupkom (200 C u 1M NaOH).
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stabilnost površine slitine i to uslijed stvaranja hidratiziranog oksidnog sloja. U kiseloj otopini ovaj sloj
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voltametrije, elektrokemijske impedancijske spektroskopije i elektrokemijske kvarc kristalne mikrovage.
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mase elektrodeponiranog rutenija djeluje povoljno na stabilnost sloja, a nepovoljno na kinetiku reakcije
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Research programme and results:
The aim of research is a new insight into the surface-chemical and electrochemical properties of the
solid/liquid interface of natural and artificial materials.
a) Surface-chemical investigations:
Electrokinetic properties of calcium carbonate in statu nascendi and with the addition of some other
substances were investigated. It was found that from the blank system vaterite precipitates and it has
a high positive electrokinetic potential. Ca-montmorillonite is found to be a suitable substrate for calcite
precipitation, while in the presence of other minerals (Mg-montmorillonite, Na-montmorillonite,
kaolinite) vaterite precipitates. Organic substances have mostly inhibiting influence on the precipitation
of calcium carbonate. Electrokinetic potential of the particles formed in the presence of organics is
much lower than that of vaterite formed from the blank system.
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made. Rijeka Bay sediments are mostly sandy silts composed of clay minerals, carbonates and
quartz, while middle Adriatic sediments are almost completely carbonates.
b) Electrochemical investigations
The surface of stainless steel-304 (FeCr18Ni10 alloy) was modified by electrochemical, hydrothermal
and chemical procedures in an order to improve its stability against corrosion. It was found that the
hydrothermally (200 C in 1 M NaOH) modified surface is the most stable against corrosion.
Electrochemical treatment performed by the potential pulsing procedure in NaOH solution led also to
the enhanced stability of the surface due to formation of a hydrous oxide film. In the acid solution this
film shows increased stability against corrosion owing to the enrichment of chromium, which is caused
by the selective dissolution of iron and nickel.
Electrochemical properties of electrodeposited ruthenium were investigated in the light of use of the
hydrous ruthenium oxy-hydroxide electrode as a part of an electrochemical supercapacitor.
Techniques of cyclic voltammetry, electrochemical impedance spectroscopy and electrochemical
quartz crystal microbalance have been used in characterization of oxidation/reduction reactions of
electrodeposited ruthenium in the sulphuric acid solution. Kinds of oxidation/reduction reactions in a
broad range of potentials were defined by use of the quantity of exchanged charges as determined by
cyclic voltammograms, and by mass losses or mass gains detected by the microbalance. Stability of
the oxide layer, kinetics of the overall charging/discharging reaction and corresponding capacitance
values were investigated in dependence on the ruthenium loading and electrochemical treatment
(periodical change of the potential between defined limits) of the ruthenium surface. Increase of the
ruthenium loading acts beneficially on the stability of the oxide layer, but detrimentally on the kinetics
of the charging/discharging reaction (which becomes proton diffusion limited) and capacitance values
presented per gram of electrodeposited ruthenium. Electrochemical treatment of the ruthenium
surface increases significantly degree of reversibility of the charging/discharging reaction and
corresponding capacitance values, but decreases stability of the oxide layer. However, stability of the
layer measured via quantity of dissolved ruthenium, remains relatively high, even after vigorous
electrochemical treatment of the ruthenium electrode (5400 potential cycles between 0 and 1 V) has
been performed.
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tvari. Nastavljeno je ispitivanje modela klorofilnog maksimuma uz simultani dotok više hranjivih tvari.
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povezivanja dotoka hranjivih tvari i niza posljedica eutrofikacije.
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Research programme and results:
The theme is focused on developing new concepts in understanding  and  research of eutrophication
and aggregation processes of organic particles in estuaries and coastal sea. The emphasis is on
development and applications of new measurement and modelling methods. Increasing antropogenic
inputs of nutrients to estuaries and coastal sea result in increasing phytoplankton production and
higher concentrations of organic particles in the size range from nanoparticles to macroaggregates.
Physico-chemical aggregation, as well as biological interactions within the food web, determine the
fate of organic particles in the aquatorium. The role of physicochemical interactions, biophysical
processes and phase transitions are of particular interest. Collective properties and supramolecular
function in organic films as well as in colloidal dispersions in gel phase have been investigated.
Electrochemically induced phase transitions in phenotiazine monolayer films and microcrystalliasation
of polyaniline triggered by organic vapours have been discovered. Adhesion mechanisms and wetting
equilibriua of organic droplets and living algal cells were studied at the model interface mercury
electrode/aqueous electrolyte solution. Cell suspensions of Dunaliella. tertiolecta are introduced as a
model monodispersed system for calibration in electrochemical analysis of seawater samples.The
adhesion based electrochemical method was further utilised in studying biofilm formation by marine
microorganisms and biopolymers. A new mechanism was proposed for the adhesion of hydrophylic
bacteria in the course of fuel oil degradation in seawater. Based on long term monitoring of surfactant
activity and distribution of surface-active particle in seawater samples of Nothern Adriatic a
physicochemical mechanism of macroaggregate formation was formulated. In the domain of
ecological modelling dynamics of phytoplankton, dissolved oxygen, and transport of nutrients was the
primary activity. Investigation a chlorophyl maximum model with simultaneous inflow of several
nutrients is in the process. Field data are analysed from selected coastal sea areas, estuaries and a
lake from the Mediterranean region in order to correlate inflow of nutrients to various eutrophication
effects.
KRETANJE I SUDBINA RADIONUKLIDA I MIKROELEMENATA U
PRIRODNIM SUSTAVIMA
CYCLING AND THE BEHAVIOUR OF RADIONUCLIDES AND
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sustavima, mehanizam i brzina njihovog širenja, te procesi vezivanja na suspendirani materijal,
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radionuklida u prirodnim sustavima. U cilju izrade radiokemijske karte Republike Hrvatske obavljena
su in situ mjerenja prirodne i umjetne radioaktivnosti koja se nalazi u tlu. Razvijane su metode ranog
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Research programme and results:
The purpose of proposed research is to reveal the distribution of certain microelements and
radionuclides in natural systems, their spreading mechanisms and velocities, as well as binding
processes including suspended matter, sediment, soil and biota. In order to accomplish the task, the
following research would be done: - The determination of pollution critical pathways in underground
water-bearing horizons by radioactive tracer methods. - The determination of geological materials
sorption capacity and microelement distribution coefficients. - The improvement of natural samples
treatment methods and development of radioactivity measurement techniques in order to increase the
sensitivity. The studies include methods for alpha, beta and gamma measurements. The results would
be used in assessment of possible radioactive contamination risk degree, as well as in creation of
legal provisions in order to protect water resources, the public and the environment. Radioactivity
levels, it's spreading and accumulation in natural system were followed. New analytical methods for
separation of artificial radionuclides in natural systems were developed. In order to make radiometric
map of the Republic of Croatia territory, in situ measurements of artificial and natural radioacitivity in
soils have been done. Methods for early detection and aerial spreading of radioactive contamination
have been developed. The development of network for early warning of nuclear and other accidents
with radiological consequences on the Republic of Croatia territory has been started. Concentrations
of some microelements in natural samples from interesting non-polluted areas was followed (Gorski
Kotar). The research on temporal changes of artificial and natural radioactivity levels, as well as
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Research programme and results:
In the past year the primary aim of investigations within this Theme was the further explanation of the
ecotoxicological significance of the presence and function of the P-glycoprotein mediated
multixenobiotic resistance mechanism (MXR) in aquatic organisms. During this period we focused our
work into several directions: (1) the investigations of the dynamic of induction and deinduction of MXR
mechanism, by the laboratory exposure to model pollutants, as well as in the real environmental
conditions by the exposure of our experimental organisms (the freshwater mussel Dreissena
polymorpha and the marine mussel Mytilus galloprovincialis, resp.) at differently polluted locations –
our results showed that the induction/deinduction process is fast (5-7 days for max. induction and
deinduction, resp.), but limited (the increasing of the P-glycoprotein activity was max. 50-60 %); (2)
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demonstration of the ecotoxicological significance of environmental presence of MXR inhibitors, by the
laboratory exposure of the mussel Dreissena polymorpha to premutagens without and in the presence
of model MXR inhibitors, resp. – the results clearly showed significantly increased production of
mutagenic metabolites in the presence of MXR inhibitors; and finally (3), determination of the
concentration of MXR inhibitors in marine extracts from entirely 28 stations along Adriatic coast was
continuing within the “Jadran Project”, together with the measurement of (pre)mutagenic potential
(Ames test), as well as MFO(mixed function oxygenases detoxification system) induction potential of
these environmental samples (EROD) – the preliminary results were shown a significant increasing in
the concentrations of MXR inhibitors, mutagenic substances, or MFO-inducers at several locations.
However, the determination of correlation among these parameters and an objective risk assessment
for each location, respectively, would be possible after more sample collections during different
seasons.
Poticajni projekt u okviru teme:
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za vezanje kadmija. Nastajanje kompleksa ostvaruje se preko jednog tipa funkcionalnih skupina tj.
preko SH-skupina cisteina. Naši rezultati doprinose boljem poznavanju biološke uloge MT u
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Research programme and results:
Research programme refers to a novel, interdisciplinary approach of determining the harmful effect of
metals at the cellular level of indicator organism by means of a biomarker. Biomarkers give the
pollutant response of the organism at the biochemical and molecular level, after the position of the
toxic action has been reached. The effect is reflected as the induced and measurable amount of a
specific biomarker. The aim of the research programme is to apply the specific methods by which the
biochemical effects of toxic metals in marine organisms can be determined. Such approach serves as
the basis for the assessment of the exposure of indicator organisms to metals in the coastal areas of
the Adriatic Sea. The content of the biomarker in various tissues of marine organisms represents the
temporally integrated response of organisms toward the biologically available concentration of metals.
It couples the starting and the final exposure effect of marine organisms to metals and is the basis for
risk assessment. The research programme is oriented on the isolation, determination and the
characterisation of the specific biomarker i.e. metallothionein (MT), which represents a measurable
sublethal effect of metals on the edible mussels (Mytilus galloprovincialis) as the indicator organism.In
accordance with the research programme, the basic and the applied research was performed.Basic
research is oriented on the quantification of the physico-chemical characteristic of MT for binding toxic
metal like cadmium at the cellular level. The amount of MT isolated from the digestive gland and
purified with the well defined biochemical procedure was titrated with cadmium in the concentration
range from 10-9 to 10-8 mol/L. The amperometric titration data, recorded under the well defined
physico-chemical conditions, were treated and the stability constants of Cd(MT) complex, the available
ligand concentration for complexing cadmium, were evaluated. The complex formation with cadmium
occurs via one type of functional groups i.e. cystein SH groups. Our results contribute to better
understanding of the biological role of MT during cadmium detoxification at the cellular level and are
unique in the scientific literature. The applied, field research refers to the application of well defined
procedures of MT isolation and the determination with the purpose to follow-up the metal pollution of
the coastal seawater areas while the content of MT in various mussel tissue types is measured. The
biological effect of cadmium and mercury is related to the amount of MT, expressing the results as the
mass partition of this specific protein in the tissue like gills, digestive gland and the whole edible part of
mussels. The amount of MT differs in various tissue types, due to different physico-chemical forms of
metals (dissolved and the particular), which enter the organism via different paths. The research
performed with the transplanted and autochthonous specimens indicates that the MT isolated from the
digestive gland of mussels is applicable in biomonitoring the mussel exposure to metals. Before the
assessment of the effect of heavy metals on the population of mussels is made it is necessary to
collect statistically significant data base in order to define the baseline changes of MT which depend
on the physiological and the metabolic status of the organism.
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epibentoskim ribama sakupljenih na  nizu postaja priobalnog mora grada Zadra. Za razliku od uzoraka
sakupljenih tijekom 1997. godine. postaje su bile nešto udaljenije od obalne crte, a sakupljene ribe su
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Research programme and results:
The karstic area of Croatia warrants particular attention because of its exceptional ecological
sensitivity to technology and hazardous wastes. The territory that was encompassed by warfare is in
even greater jeopardy due to the unscrupulous destruction of natural resources, infrastructures,
homes, enterprises etc. during the recent war in Croatia. During this war, enormous amounts of
wastes and many hazardous materials were generated. There are great fears and concrete evidence
those significant quantities of polychlorinated biphenyls; polyaromatic hydrocarbons, various flame-
retardants, explosives and their byproducts were released into the environment during warfare. It is
very important to estimate the real threat of these substances to the endangered water ecosystems by
inspection of the terrain at the polluted sites and control of the pollution levels of polychlorinated
biphenyls, polycyclic hydrocarbons and explosives with the assessment of the subterranean
penetration of the pollutants based on existing hydrogeological data. Based on the results of the
investigations described, it will be possible to prepare a specific program for the necessary
hydrogeological investigation of the endangered areas and provide guidelines for remedial measures.
During 1999, research continued on the levels of various polychlorinated biphenyls in the benthic and
epibenthic fish specimens collected at several stations in the coastal waters off the city of Zadar. In
contrast to the samples collected in the 1997 study, the stations were somewhat further from the coast
and the fish collected belonged to species that are often used as food. According to the results, it is
obvious that the PCB levels increase significantly toward the stations located near the municipal
marina and Vruljica. However, in contrast to 1997, only a few specimens had PCB levels nearing the
MPC and no sample exceeded the PCB levels permitted for human consumption. The elevated PCB
levels in mussel and fish specimens taken from the investigated area of Zadar raise questions
concerning the extent to which the local population has ingested PCBs and whether this poses a
health hazard. On the basis of an estimate of the PCB ingestion by the critical population group
(fishermen and their family members), according to the PCB levels in the fish specimens collected in
1997, if the critical population group only consumes fish caught in the Vruljica area and the municipal
marina, they are ingesting higher amounts of PCBs than recommended. However, specimens of
frequently consumed fish caught a little further from the coast during the winter and early spring of
1999 were analyzed and showed a significantly lower PCB level than the fish caught in 1997. On the
basis of these PCB levels, the estimated PCB ingestion by the critical population group is significantly
lower. Only if there were increased consumption of fish caught in the area of the municipal marina and
Vruljica would the PCB ingestion somewhat exceed the recommended limits (particularly among the
young).
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Research activities out of the continuous research programme:
In the Center for Marine Research and Environmental Research applied research and monitoring
program in the Adriatic Sea and in the continental regions of Croatia are carried out in the framework
of the project supported by the Governmental organizations of the Republic of Croatia and others.
Monitoring and/or assessment of radioactivity in the environmental are carried out in connection with
the operation of nuclear power stations on the Sava and Danube rivers, environmental hazard
associated with emissions from unprotected landfill Jakuševec and pollutant transport into
groundwater are investigated and quality control in aquaculture is maintained. Laboratory provides
guidance in water quality control in Croatia.
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1 ?KH@FFF
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
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aggregation of organic matter in seawater,
Department of Marine Sciences, University of






Sondi I., Clarkson College of Technology; Potsdam,
N.Y. SAD, od 1.5.1997, u tijeku.
&  =à di Venezia, Dipartimento di
Scienze Ambientali, Venezia, Italija, od 1.1.1999.
do 31.7.1999.
  (
* "1  ,,(
godinu 1999/2000 na University of Connecticut,
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1.10.-31.11.1999.
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Ljubljana, Slovenija, 5.10.-9.10.1999.
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	,  ,1 ,
1 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Ljubljana, Slovenija, 5.10.-9.10.1999.
Kozarac, Z., Rad na projektu u okviru bilateralne
(1 >( 0,  1%,  L5
Planck Institut für biophysikalische Chemie,
Göttingen, Germany, 16.05.-05.06.1999., 25.10.-
30.11.1999.
#(4  EI ) )   
MLIM) Training Course on Lotus Domino, SPSS
statistical package and DEFF task for PHARE
and TACIS countries, CarlBro in Copehagen,
Danska, 15.2.-19.2.1999.
#(4  EI ) )   
MLIM) Training Course DEEF and AARDVARK
Training Course, AEWS & MLIM for Moldova
and Ukraine, Water Research Centre
Medmenham, Velika Britanija, 23.2.-26.2.1999.
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   ( ,( (1 >( 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Austrija, Visiting Professor, 2.5.-9.5.1999.
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Japan atomic energy research Institute, Tokyo,
Japan, 10.5.-23.6.1999.
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GOOD PRACTICE IN AIR AND WATER
MANAGEMENT SYSTEMS FOR EUROPE, EC-DG
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Transnational Monitoring Network in Croatia,
pozvano predavanje.
1999 AQUATIC SCIENCES MEETING,
LIMNOLOGY AND OCEANOGRAPHY :
NAVIGATION INTO THE NEXT CENTURY
Santa Fe, New Mexico, 1.2.-5.2.1999.
$(J   /% $
Prilozi:
  
    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"   $
%
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 '( &J " ) ."

polysaccharide capsule for marine bacterial adhesion
to n-alkane phase, poster.
/% $   $
% & '( &J
Interfacial characteristics of marine algae and
bacteria using adhesion based electrochemical
sensor, poster.
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Hacmanjek, M.: Ishrana i hranidbene vrijednosti
1 41 ", EScardiniuus
erythrophtalmus L.) Vranskog jezera (otok Cres),
poster.









%,  :  
    
&1 & !
  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i stvaranje mukoznih nakupina u Jadranskom moru,
poster.
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Površinski mikrosloj Sjevernojadranskog mora –
,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površinski aktivnih tvari na oksido-redukcijske
procese olova, poster
"   $ 
  J #"1

ugljikohidrata u sjevernom Jadranu u razdoblju
stvaranja sluzavih nakupina, poster
NACIONALNI PROJEKT “JADRAN” : RASPRAVA U
OKVIRU PROBLEMA 1.3, 1.4, 1.6, 3.1 i 3.2
Rovinj, Hrvatska, 2.3.-4.3.1999.
$(J :  $
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koeficijent agregacije, predavanje
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Schaffner, C.; Giger, W.: Surfactant-derived
alkylphenolic compounds in sewage effuents and
ambient waters in Switzerland before and after risk
reduction measures, pozvano predavanje.
2. HRVATSKA KONFERENCIJA O VODAMA.
HRVATSKE VODE – OD JADRANA DO DUNAVA
Dubrovnik, Hrvatska, 19.5.-22.5.1999.
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recentnih sedimenata u Plominskom zaljevu, poster
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u rijeci Savi kod Jesenica (1979-1998), poster.
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 $ /( / 7, ' &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 3(
1
J.: Utjecaj NE Krško i grada Zagreba na
radioaktivnost rijeke Save, predavanje
	
 , ! / 8 :  !
,
L.: Olovo i organska tvar u aerosolu i oborinama na
"(%1(  8* "
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 ,  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 	4, 
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svrhu biomonitoringa metala u priobalnom moru,
poster.
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nekih elemenata u vodi i sedimentu rijeke Dunav,
poster
&1 & :   ( &J 	,  
prekomjerno cvjetanje mora u sjevernom Jadranu,
poster
TELEMATIC SOLUTIONS FOR SUSTAINABLE
DEVELOPMANT AND WORKSHOP OF
ENVIRONMENTAL TELEMATICS - TECHNICAL
AND INSTITUTIONAL CHALLENGES OF DATA
MANAGEMENT, PAN-EUROPEAN TELEMATIC
USER FORUM
 ; 1%, ?@R5??R@FFF
$(,J #(4  EI )   
Environmental Monitoring and Forecasting on Air
and Water Pollution)
Prilozi:




maintenance within the Danube river basin-from local
authorities to the Danube convention, pozvano
predavanje
GLOBEC WORKSHOP ON THE ASSIMILATION OF
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balance in a coastal sea, pozvano predavanje.
IRPA REGIONAL CONGRESS ON RADIATION
PROTECTION
("  >, ??K5?DK@FFF
$(,J /( /
Prilog:
7, ' /( / (
 $J + ) FQ$
in the wine samples, poster.





Raspor, B., Quantitative analysis of overlapping
voltammetric signals, predavanje.
SECOND EUROPEAN ECOLOGICAL MODELLING
CONFERENCE
Pula, Hrvatska, 20.9.-24.9.1999.
$(J 7%, $  
Prilog:
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, $ =", ) (
"
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multiple prey, predavanje





Erk, M.; Raspor,B.,: Electrochemical study on Cd
binding to metallothioneins isolated from the mussel
Mytilus galloprovincialis, predavanje.
WORKSHOP ON “NUTRIENT AND TROPHIC
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Il. WORKSHOP DEL PROGETTO “PROCESSI DI
FORMAZIONE DELLE MUCILLAGINI NELL’
ADRIATICA E NEL TIRRENO-MAT”
Bologna, Italija, 23.11.-26.11.1999.
$(J :  '( &
THE 3rd IWA SPECIALIZED CONFERENCE ON
HAZARD ASSESSMENT AND CONTROL OF
ENVIRONMENTAL CONTAMINANTS –
ECOHAZARD ’99
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municipal solid waste landfill and adjacent
groundwater aquifer, predavanje
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 7 <J 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metabolites of alkylphenol polyethoxylates in
secondary sewage effluents and rivers, predavanje
A CIESM WORKSHOP : THE ROLE OF SEA
SURFACE MICROLAYER PROCESSES IN THE
BIOGEOCHEMISTRY OF THE MEDITERRANEAN
SEA
Pariz, Francuska, 8.12.-11.12.1999.
$(J 7"  / 8
Prilozi:
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characterization of sea-surface microlayer by using
electrochemical methods, predavanje.
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microlayer : monolayers studies, Brewster angle
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Europaea (Salzburg)










International Symposia on Environmental
Biogeochemistry (ISEB).
Kniewald, G.: Predstavnik Republike Hrvatske u
European Mineralogical Union.
Kniewald, G.: Suradnik Komisije za gemologiju,
International Mineralogical Association.
Kozarac, Z.: Sastanak koordinatora Nacionalnih






Kozarac, Z.: Sastanak radne grupe Laboratory,
Management Expert-Sub Group u okviru
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Simulation Modellin (regular member of
EUROSIM and SCS).
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Forum on Water and Air Pollution Management),
EC/DG XIII., Bruxelles, Belgija, 16.4.1999.
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Information Management Expert Group,
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Ahel, M.: Utjecaj eutrofikacije na ciklus organskog
ugljika u priobalnim vodama Jadrana, projekt
bilateralne suradnje s Nacionalnim inštitutom za
biologijo, Morska biološka postaja Piran,
Slovenija, odobrena od Ministarstva znanosti i
tehnologije RH.
Branica, M.: "Electroanalytical instrumentation
development for physico-chemical
characterisations of trace metals in the marine
environment." EUREKA project EU-493
EUROMAR - ELANI.
Branica, M.: Biogeokemijski procesi i elementarno-
izotopski sastav u Jadranskom moru. Bilateralna
(1 1( #  ( U-4) 2)U
Ljubljana, Slovenija.
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organskih tvari u moru.
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vode, Zagreb.
Kozarac, Z.: Adsorption of selected biogenic material
and pollutants at interfaces, bilateralna suradnja
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reaction of solid phases”.
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Zagreb, Hrvatska.
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organizme putem biomarkera. Bilateralna
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>( 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Zagreb, na upravljanju s podacima monitoringa
sliva rijeke Dunav u Hrvatskoj u okviru Dunavske
konvencije.
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J $(1 >( 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 , 
0,  8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
podataka iz monitoringa sliva rijeke Dunav I
harmoniozaciji upravljanja s podacima u
Hrvatskoj.
,4 J 
1 ,   (
akvakulturi - Biotechnology, genetics and nutrition
in aquaculture, Department of Fisheries and
Oceans, West Vancouver Laboratory, West
Vancouver, Kanada
,4 J  )
( ) *  *
factors upon growth, quality and disease in
cultured wels, Silurus glanis, University of Aalborg,
Department of Civil Engineering, Biotechnology
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Environmental Chemistry, Stockholm, Švedska,
1.2.-15.5.1999.
Alenka Malej, Nacionalni inštitut za biologijo, Morska
biološka postaja, Piran, Slovenija, 2.2.-5.2.1999.
Alain Saliot, Univ. M. & P. Curie, Pariz, Francuska,
4.6.-9.6.1999.
Gustave Cauwet, Laboratoire Arago, Banyuls sur
mer, Francuska, 4.6.-9.6.1999.
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29.9.1999.
Dietmar Möbius, Max-Planck-Institut für
".,
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 I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 7W 1%,
16.10.-22.10.1999.
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Štefan", Ljubljana, Slovenija, 25.11.-26.11.1999.






Klaus Wandelt, Rheinische Friedrich Wilhelms
Universität Bonn  1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2nd EUROPEAN ECOLOGICAL MODELLLING
CONFERENCE,
20-24. 09. 1999, Pula.
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MIKROBIOLOŠKIH ISPITIVANJA PRIRODNIH I
OTPADNIH VODA
Zagreb, Hrvatska, 20.1.-22.1.1999.
Sudionice: Hršak, D., Raspor, B.
Prilozi:
0, +J 	" 1  (1 ,,
mikrobioloških ispitivanja prirodnih i otpadnih voda
Raspor, B.: Uzorkovanje voda i norme ISO 5667




0, +J 	" ("(  *11 (1
mikroorganizama (prema nacrtu norme nHRN ISO
8199)
Hršak, D.: Postupci provjere i kontrole mikrobioloških
"
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 *1 ,
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vode (norma ISO 7704)
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, +J !"   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rada ISO/TC 147/PO 4 te primjeri najnovijih
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RAZVOJ
DIVISION OF LASER AND ATOMIC RESEARCH AND
DEVELOPMENT
Dr. sc. Antun Peršin, predstojnik Zavoda
++385-1-4680246, fax: ++385-1-4680104
Ustroj Zavoda:
Laboratorij za optiku i tanke slojeve, dr. sc. Hrvoje Zorc, voditelj laboratorija
Višenamjenske radionice, Eduard Švegel, voditelj radionica
Tajništvo,  	
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OPTRONIC INSTRUMENTATION OF DEFENSE SYSTEMS
Direktor programa: dr. sc. Antun Peršin






















 ' ' 
" 

 (' "" 

 (
 ""  
" 

 Laboratorijsko ispitivanje i mjerenje karakteristika.
 Izrada protokola integracije na platformu.
 Izrada protokola terenskih ispitivanja.
 Terenska ispitivanja, analiza rezultata, izrada protokola za razvoj.
 ) 
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komponetata pri razdvajanju prostorno distribuiranih svjetlosnih izvora.
Research programme:
 Physical modelling of the optical systems and subsystems for special applications.
 Optical and mechanical design of the optical systems and subsystems for special applications.
 Computer assisted analysis of tollerances.
 Manufacturing of tools necessary for production of optical components.
294
 Manufacturing of mechanical components.
 Integration of mechanical and optical components.
 Laboratory testing and determination of characteristics.
 Design of the protocol for integration to the platform.
 Design of the protocol for the field-testing.
 Field-testing, analysis of results and design of the final development protocol.
 Imaging optics: the design and analysis of a reflecting collimator aiming device, the studies of a
fluorescent fiber cable as a referent aiming point, research and development of thin films
dichroic components.
 Non-imaging optics: the design and a graphical analysis of hybride light concentrators, tuning
of a concentrator and a large matrix source.
 Modernisation of aiming devices: an improvement of a rocket tracer, an independent analysis
of the components to discriminate distributed light sources.
	 		 	 		
OPTRONIC INSTRUMENTATION OF DEFENSE SYSTEMS
Voditelj teme: dr. sc. Anton Peršin
++385-1-4680246, e-mail: persin@rudjer.irb.hr
Suradnici na temi:
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Program rada i rezultati na temi:
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Nastavljen je rad na usavršavanju infracrvenog sljedila rakete. Razmatrana je analiza nezavisnih
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obustavljen zbog nedostatka sredstavaza materijalne troškove.
Research program and results:
During the year 1999 activities on the research of the optronical instrumentation of the defense
systems have been continued. The research proceeded in the following directions:
1. Imaging optics
The aim of this research has been to search for design options of a reflecting collimator aiming device
using fluorescent referent source. The design of the optical system has been performed using the
software Sigma 2000. The efficiency of a fluorescent fiber cable, which transforms the visible light into
red or orange light and then uses as a referent point in the collimator, has been determined. The
design of a dichroic beam splitter, reflecting only red or orange light and transmitting all other visible
wavelengths, has been done and experimentally verified.
2. Non-imaging optics
The design analysis of non-imaging systems, suitable for light concentrators, has been started. The
problem of concentration of light, originating from a large matrix source has been, considered. The
optical surfaces have been optimized in order to increase the efficiency of the concentrator. For this
purpose an additional optical analysis method with graphical design has been developed.
Additionally, the new options of application of a secondary refracting concentrator as an alternative to
the reflecting one, have been considered. The preliminary investigation points out to the possibility that
the refracting concentrator yields considerable advantages during formation of the outgoing beam and,
therefore, the higher efficiency. The considered system, consisting of large matrix source and
refracting light concentrator enables significant flux of monochromatic illumination of “cold light”, what
makes it as one of the most promising solutions for source used in photodynamic therapy of cancer
diseases. The intensification of this research is expected to expand in the year 2000.
3. Modernization of aiming devices
The work on improvement of a rocket tracer has been continued. The analysis of independent
components has been considered in order to discriminate two independent light sources in the field of
view.
4. Research and improvement of the visualization in COCOS (Commando Control System)
All preparations for the design of the final version of the COCOS system have been made, but then
were stopped because of the lack of money.
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PRILOZI
Znanstveni radovi objavljeni u
asopisima koji su indeksirani u Current
Contents-u:
1. Kopriva, Ivica; Peršin, Antun. Discrimination of
optical sources by use of adaptive blind source
separation theory. // Applied optics, 38 (1999),7;
1115-1126.
2. Zorc, Hrvoje; Johnson, Robert Jr.; Snowdon,
Kelly; Morin, Steven. Modified box coaters can
improve oxide coatings. // Laser focus world, 35
(1999), 10; 141-142.
Znanstveni radovi u tisku:
1. Szu, Harold; Kopriva, Ivica; Peršin, Antun.
Independent component analysis approach to
resolve the multi-source limitation of the nutating
rising-sun reticle based optical trackers. // Optics
communications.
Radovi objavljeni u zbornicima
skupova:
1. Kopriva, Ivica; Peršin, Antun. Blind separation of
optical tracker responses into independent
components discriminates optical sources // ICA'99
First International Workshop on Independent
Component Analysis and Signal Separation /
Cardoso, J. F.; Jutten, Ch; Loubaton, Ph. (ur.).
IEEE, 1999. 31-36
2. Soldo Roudnicky, Dunja; Peršin, Antun.
Measurement of absorptivity of Al-Mg samples
irradiated by high power cw CO2 laser // Computer-
Controlled Microshaping. Washington, USA : SPIE-
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spektrometrom Varian Gemini-300, radnom stanicom SUN Sparc 4, te opremom za crtanje, tiskanje i
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1H i 13C jedno- i
dvodimenzijskih NMR spektara, a prema potrebi snimaju se i neke druge jezgre u rasponu frekvencija
od 30-120 MHz (npr. 15N, 113Cd, itd.) i 280-300 MHz (npr. 19F). NMR spektrometar na IRB-u je jedini
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nukleotida, peptida, kompleksa metala za biokatalizu, izotopnih efekata i makromolekularnih spojeva,
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na prijediplomskom i poslijediplomskom nivou.
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center has Varian Gemini-300 spectrometer, SUN Sparc 4 work station, and different equipment for
plotting, printing and retrieving of NMR data.
NMR Centar is performing measurements of 1H i 13C one- and twodimensional NMR spectra and if
needed, measurements of other nuclei as well, from 30-120 MHz (eg. 15N, 113Cd, etc.) and 280-300
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other croatian universities as well as for industry: Belupo, Chromos, INA, Pliva, etc.
The majority of measurements performed in NMR center are in organic and pharmaceutical chemistry
and then in inorganic, physical and analytical chemistry. Foundamental research in the field of
sugars, nucleosides, nucleotides, peptides, complexes with metals for biocatalysis, isotope effects
and macromolecular compounds are caried out, but also the investigations on application of NMR
spectroscopy in pharmaceutical research and petrochemical industry. NMR center also gives
education on pre- and postgraduate level.
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leucine-enkephalin. // Journal of the Chemical
Society : Perkin transactions 1. (1999), 2829-2834.
9.  
  	 


 ! -4 28 '
 %
(!
long range deuterium isotope effects on 13C NMR
chemical shifts as a conformational probe of







   9+
'  9:-N-1-
sulfonylated cytosine derivatives. Exclusive
formation of keto-imino tautomers. // Croatica
chemica acta. 72 (1999), 957-966.
Sudjelovanja na kongresima:
11th INTERNATIONAL SYMPOSIUM






studies on deuterium isotope effects in C-13 NMR,
pozvano predavanje
1st INTERNATIONAL DUBROVNIK NMR COURSE
Dubrovnik, Hrvatska, 27.6.-30.6.1999.
 
 5 (( /
organomercurials, pozvano predavanje
 




"' ( //!( 
13C NMR spectra, pozvano predavanje




Janez Plavec, National Institute of Chemistry,
Slovenian NMR Center, Ljubljana, Slovenija
Lajos Radics, Central Research Institute for
Chemistry, NMR Facility, Budimpešta,
<
(
Vladimir Petruševski, Institute of Chemistry, Faculty
of Natural Sciences, University "Kiril i Metodij",
Skopje, Makedonija
Edwin D. Becker, National Institutes of Health,




Voditeljica: mr. sc. Jadranka Stojanovski














































































Fotolaboratorij: Josip Uhrl, fotograf















1. Sustav znanstvenih informacija RH - tematski podsustav Prirodoslovlje, koji je u 1999. godini
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2 ) http:// prirodo.irb.hr/).
2. Hrvatska znanstvena bibliografija - pokrenuta s ciljem da se na jednom mjestu, korištenjem
novih informacijskih tehnologija, objedini cjelovita znanstvena produkcija koja je rezultat rada na
programima/temama/projektima Ministarstva znanosti i tehnologije (http://bib.irb.hr).
3. Centar za online baze podataka (CARNet) koji je nastavio brinuti o bazama Current Contents,
Medline Core Biomedical Collection, INSPEC a osiguran je i pristup za tri nove baze: Evidence
based medicine review, ERIC i Agricola )! !	& 	&	! + 		
 Ovid. Centar
)) 3455  ! +
* 
	! 6	 http://baze.irb.hr).
4. Kooperation zwischen deutschen wissenschaftlichen Bibliotheken und
wissenschaftlichen Bibliotheken in Mittel- und Osteuropa - 	&
 )	  !
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partnerima završila je 31.12.1999. (Universitätsbibliothek, Ruhr-Universität Bochum), a osiguravala










































u rujnu 1999. organizirali smo trodnevni seminar LIBRARY MANAGEMENT - "HOW TO RUN THE

























ustanove, ali i korisnika šire akademske zajednice.
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regionalnim centrom za Hrvatsku u okviru interdisciplinarnog znanstvenog programa (IGBP) koji je
osnovan i sponzoriran od strane International Council for Science (ICSU).
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oceanografije, oceanologije i srodnih znanosti unutar kojeg aktivno sudjeluje.
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 129 novih naslova knjiga, od toga su 34 naslova kupljena, a 95 naslova je dar
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During 1999. the Institute Library continues to lead and coordinate the following projects:
1. Croatian Sciences Information System – thematic subsystem Natural Sciences which
continued to build and improve the computer infrastructure and coordinate it's 19 participating
libraries, as well as improving the monograph and periodical publication database. Individual and
union online catalogues are available to users through an in-house developed web interface.
(http://prirodo.irb.hr)
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2. Croatian Scientific Bibliography – was initiated to bring together the entire scientific production
on programmes and projects of the Ministry of Science and Technology, using the latest in
information technologies. (http://bib.irb.hr).
3. Center for Online Databases (CARNet) – continued to provide the following databases: Current
Contents, Medline, Core Biomedical Collection, INSPEC and an addition of three new databases:
Evidence based medicine review, ERIC, and Agricola. This Center serves 2500 members of the
academic community in Croatia (http://baze.irb.hr).
4. Kooperation zwischen deutschen wissenschaftlichen Bibliotheken und wissenschaftlichen
Bibliotheken in Mittel-und Osteuropa – a three-year cooperation with German partners
(Universitätsbibliothek, Ruhr-Universtiat Bochum) which ended on December 31st 1999. This
cooperation provided the subscription to about twenty major journals of German publishers, access
to the CD-ROM edition of German National Bibliography, German libraries' central catalogue of
periodicals, as well as expedient electronic interlibrary loan. In September 1999, with the
cooperation of the Deutsches Bibliotheksinstitut Universitäsbibliothek Bochum and the Faculty of
Electrical Engineering and Computing Library, we organized a three-day seminar called “Library
Management – How to Run the Library on a Shoe String”, attended by about a hundred librarians
from Croatia.
In 1999, the Library continued to improve the existing and develop new services in order to provide a
better and faster way of satisfying the growing information needs of local users, as well as the wider
academic community.
With implementation of latest information technologies the Library is recognized to be the leading
Croatian library both at home and outside the Croatian borders.
In addition, the Library takes part in a number of other activities:
1. International Geosphere-Biosphere Programme (IGBP): During 1999, the Library has become
a Croatian regional center in the framework of the interdisciplinary scientific programme (IGBP),
which was founded and sponsored by the International Council for Science (ICSU).
2. The Library maintains a web server of more than 1500 pages (http://library.irb.hr). The users
are provided with on-line catalogues of books, journals, M.Sc. and Ph.D. theses, as well as the
catalogues of the Natural Sciences, Engineering and Biomedicine subsystems, other Croatian
libraries and important foreign libraries. Also available is the list of current periodicals with hyperlinks
to electronic versions of journals, as well as a list of current journals with impact factors.
Furthermore, the Library provides the following on-line services: Croatian libraries (NISKA) address
book; Institute staff directory; complete contents of the Institute Annual Reports from 1993 to 1998;
instructions to users how to utilize various information sources and search engines available on the
Inernet; collections of electronic journals, books, free-of-charge databases, on-line reference
literature, leading world-wide publishers, and a considerable number of other relevant data. By
means or regularly updated news the users are informed of all relevant information and events, and
the weekly schedule archive offers a retrospective look at all the events at the Institute for the whole
year 1999.
3. During 1999, the Library introduced a series of monthly colloquiums
(http://nippur.irb.hr/kolokviji.html) which were given on information and related sciences by both
foreign and domestic lecturers. The lectures were attended by librarians and users both inside and
outside of the Institute.
4. Under the programme of permanent education of users, seminars on the use of on-line databases
are held at regular intervals.
5. EURASLIC – the Library is an active member of the European Association of Libraries  which
cover the scientific fields of oceanography, oceanology, and related sciences.
6. Interlibrary loan – acquisition of documents which the library is lacking in, is made available to
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University of Ljubljana. Materials from the Universitätsbibliothek Ruhr-Universität Bochum ceased to
be available at the end of 1999.
A total of 390 titles were subscribed to in 1999. 117 topics were subscribed to from the Institute funds,
20 titles were obtained through the project with the German partners, while 254 titles were subsidised
by the Ministry of Science and Technology of the Republic of Croatia at the beginning of 2000.
The Library dealt with 129 new book titles, 34 of which were purchased, and 95 were a donation. The
SABRE foundation donated 61 titles.
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The Library is situated on five locations (four in Zagreb and one in Rovinj) and each offers a
photocopying facility, there is also a photolaboratory on one location.
  	



















	  	  
 
(1999) 67-68.





	 $%  	  
  &'((()
111-113.
3. * +, -	 . #	 .	 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bibliography - its reliability and its impact on the
concept of bibliography in general // Proceedings
of the Third International Conference on the
Conceptions of the Library and Information
Sciences / Aparac, Tatjana; Saracevic, Tefko;
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Research programme and results:
During the year the computing and network facilities managed by the Computing Center operated
without major interruptions. Special care is taken so that the downtime due to equipment or power
failures and to the maintenance is minimised. There are over four hundred stations connected to the
local network, mostly personal computers, as well as some workstations. The network is still based on
the 10 Mb/s Ethernet technology, and the connections between buildings are partly over fiber optics
cables and partly 10base5 coaxial cable. Because of the obsolete cabling and equipment an intensive
308
maintenance effort is necessary. The modernisation of the local network, including the upgrade to
technologies which allow transfer speed of 100 Mb/s on the backbone and the elimination of the
coaxial cabling between buildings remains a high priority. The WAN connections are over optical
cabling, and include the link to the node of the academic network CARNet at SRCE, to the other
academic and research institutions on the Horvatovac location, as well as CARNet links to Salata site
in Zagreb and to Rijeka.
The Computing Center maintains the central e-mail server, the WWW server, the DNS server, the
active network components and other essential services. A HP 800/G60 server is dedicated to
numerical calculations. A communication server with ten modems is available for remote connections
over the public telephone system. There is a proxy server for aditional external connectivity over the
Hinet Internet provider.
The permanent staff of the Computing Center in 1999 consisted of one system engineer, while one
position was vacant. In addition, several students with appropriate skills were employed on a part-time
basis.
=$326/(1, 8 ,167,7878 58(5 %2â.29,û 1$ '$1  *2',1(







9â6 666 9.9 .9 166 8.8312 'U 0U ,Qå 8.8312 69(8.8312
7)          
()          
)0        
(      
).           
2.%            
.0           
0*            
00           
,0             
,02             
/$,5          
835$9$         
.1-,ä1,&$          
5$ý81$/1,
&(17$5
   
6278         
8.8312               
)/8.78$&,-$ =$326/(1,+ 8 ,167,7878 58(5 %2â.29,û 8  *2',1,
D 'RãOL X  JRGLQL





,Qå 2VWDOL 9â6 666 9.9 .9 166 8.8312 'U 0U ,Qå 8.8312 69(8.8312
7)     
()      
)0   
(   
).      
2.%     
.0      
0*    
00       
,0    
,02    
/$,5    
835$9$    




6278    
8.8312              
E 2WLãOL X  JRGLQL





,Qå 2VWDOL 9â6 666 9.9 .9 166 8.8312 'U 0U ,Qå 8.8312 69(8.8312
7)     
()    
)0   
(   
).      
2.%    
.0    
0*     
00       
,0       
,02     
/$,5    
835$9$     




6278     





3UH]LPH ,PH 7HPD 6WUDQLFD
$EUDPLü 0DULMD 7 
$KHO ,YDQ 7 
$KHO 0DULMDQ 7 
$PEULRYLü $QGUHMD 7 
$QGUDãL $QÿHOND 7 
$QGUHLü äHOMNR 7 
$QGUHLV 0ODGHQ 7 
$QGULü ,YDQ 7 
$QWLFD 0DULDVWHIDQLD 7 
$QWLþLü 7RPH 7 
$QWRO ,YDQD 7 
$QWROLü 6QMHåDQD 7 
$QWRQLü 2OHJ 7 
$QWRQLü 7DWMDQD 7 
$UQHULü 0LOLFD 7 
%DELü 'DUNR 7 
%DELü,YDQþLü 9HVQD 7 
%DNRYLü ,JRU 7 
%DORJ 7LKRPLU 7 
%DUDQRYLü *RUDQ 7 
%DUGHN 9HOLPLU 7 
%DULü 'DQLMHOD 7 
%DULãLü 'HONR 7 
%DVUDN =RUDQ 7 
%DãLF ,YDQ 7 
%DWHO 5HQDWR 7 
%HJRQMD $QD 3 
%LKDUL 1HYHQND 7 
%LOLü 1HYHQNR 7 
%LOLQVNL +DOND 7 
%LãNXS %LVHUND 7 
%MHJRYLü 0LOLFD 7 
%ODJXV 6DãD 7 
%ODåLQD äHOLPLU 7 
%RJGDQRYLü5DGRYLü ,YDQþLFD 7 
%RJRYDF 0ODGHQ 7 
%RJXQRYLü 1LNROD 7 
%RJXQRYLü 'LMDQD 7 
%RQLIDþLü 0DULMD 7 
%RUDQLü 0LOLYRM 7 
%RUGXNDOR 7DWMDQD 7 
%RURYLü 6X]DQD 7 
%RVDQDF 6ORERGDQ 7 
%RVQDU 6DQMD 7 

3UH]LPH ,PH 7HPD 6WUDQLFD
%RãQMDN äHOMND 0DULMD 7 
%RåLQ 0ODGHQ 7 
%UDMHQRYLü 1DWDãD 7 
%UDNR 5DGRYDQ 7 
%UDQLFD 0DUNR 7 
%UþLü.RVWLü .UXQRVODY 7 
%UGDU %UDQNR 7 
%UHþHYLü /MHUND 7 
%UHOMDN 'DYRUND 7 
%ULWYLü%XGLFLQ 6PLOMDQD 7 
%UQLþHYLü 1HYHQND 7 
%URQLü -RVLS 7 
%UR]RYLü $QDPDULD 7 
%UXYR %UDQND 7 
%XGLPLU ,YDQ 7 
%XãLü 0LOHQD 7 
%XWNRYLü 9MHUD 7 
&DU 7LKRPLU 7 
&HFL 6DãD 7 
&LJOHQHþNL-XãLü ,UHQD 7 
&UOMHQ äHOMNR 7 
&UQLü ,YDQD 7 
&XFXOLü 9ODGR 7 
&YLWDã 7RPLVODY 7 
ýDþHY 7DPDUD 7 
ýDSODU 5RPDQ 7 
ýDSODU 9HVQD 7 
ýHWNRYLü&YUOMH 0DULQD 7 
ýLþLQâDLQ /LSD 7 
ýRJHOMD ýDMR *RUGDQD 7 
ýRYLü 0DUFHOD 7 
ýRå5DNRYDF 5R]HOLQGUD 7 
ýUQXJHOM -RVLS 7 
ýXGLü 0DUH 7 
ýXNPDQ 'XQMD 7 
ýXOLQ -HOHQD 7 
ûHWNRYLü +HOHQD 7 
ûRVRYLü %RåHQD 7 
ûXULü 0DQGD 7 
'DGLü ,YDQ 7 
'HJREELV 'DQLOR 7 
'HVQLFD ,GD'XQMD 7 
'HVQLFD 8URã 7 
'HVSRWRYLü ,QHV 7 
'HYHVFRYL 0DVVLPR 7 
'REULü 0LOD 3 

3UH]LPH ,PH 7HPD 6WUDQLFD
'ROXãLü (GXDUG 3 
'RPD]HW/RãR 7RPLVODY 7 
'RUHãLü 0LURVODY 7 
'RãOLü 1DÿD 7 
'UDJþHYLü XUÿLFD 7 
'UDãQHU $QWXQ 7 
'XEþHN 3DYR 7 
'XEUDYLü $PLU 7 
'XMPLü 'HQLV 7 
'XSODQþLü *RUDQ 7 
'XUDMOLMDäLQLü 6RQMD 7 
'XUDMOLMDäLQLü 6RQMD 7 
'åLGLü 6HQND 7 
DNRYDF 7DPDUD 7 
HUPLü 'DPLU 7 
RJLü 5HQDWD 7 
(FNHUW0DNVLü 0LUMDQD 7 
(UN 0DULMDQD 7 
(WOLQJHU %RåLGDU 7 
)DIDQÿHO 0DMD 7 
)HUOH9LGRYLü $QD 7 
)LOLSRYLü9LQFHNRYLü 1DGD 7 
)RQMDN 0LUMDQD 7 
)UNDQHF /HR 7 
)XNV 'UDJLFD 7 
)XOJRVL +UYRMH 7 
)XULü .UHãLPLU 7 
*DEULORYDF -HOND 7 
*DMRYLü $QGUHMD 7 
*DOO7URãHOM .RUDOMND 7 
*DPEHUJHU 'UDJDQ 7 
*DPXOLQ 9HUD 7 
*DãSDULü ,JRU 7 
*DãSDURYLü %ODåHQND 7 
*HþHN 6XQþDQD 7 
*ODVRYDF =RUDQ 7 
*RWLü 0DULMDQ 7 
*UDFLQ 'DYRU 7 
*UDKHN äHOMNR 7 
*UDRYDF $QWH 7 
*UFH 0DJGDOHQD 7 
*UGLãD 0LUD 7 
*UåHWD %LVHUND 7 
*XEHULQD %UDQNR 7 
+DEHUVWRFN'HELü +HOHQD 7 
+DFPDQMHN 0DWR 7 

3UH]LPH ,PH 7HPD 6WUDQLFD
+DGåLMD 2OJD 7 
+DGåLMD 0LUNR 7 
+DPHU %RMDQ 7 
+DPHUãDN =GHQNR 7 
+HüLPRYLü 6LOYD 7 
+HJHGLã .VHQLMD 7 
+HUFHJ5DMDþLü 0DULMD 7 
+RUYDW 5DXO 7 
+RUYDW 6DQGUD 7 
+RUYDW -DURVODY 7 
+RUYDW âWHILFD 7 
+RUYDWK /DV]OR 7 
+RUYDWLQþLü 1DGD 7 
+RUYDW5DGRãHYLü 9LãQMD 7 
+UDQLORYLü 'XEUDYND 7 
+UV%UHQNR 0LUMDQD 7 
+UãDN ,YR 7 
+UãDN 'XEUDYND 7 
+XVQMDN .RUDOMND 7 
,JLü /MXELPND 7 
,ODNRYDF.YHGHU 0DULQD 7 
,YDQþLü ,QJULG 7 
,YDQGD 0LOH 7 
,YDQNRYLü 6LQLãD 3 
,YHãD /LOMDQD 7 
,YH]Lü 7RPLVODY 7 
,YRãHYLü 1DGLFD 7 
-DNDV $QGUHMD 7 
-DNOLQ $QGUHM 7 
-DNRYþLü .UHãLPLU 7 
-DNãLü 0LONR 7 
-DNãLü äHOMNR 7 
-DQHNRYLü ,YLFD 7 
-D]YLQãüDN -HPEUHN 0DMD 7 
-HORYHþNL $QDPDULMD 7 
-HULü ,YDQND 7 
-HUQHM %UDQLPLU 7 
-RNLü 0LODQ 7 
-RQNH /DULVD 7 
-R]Lü 'UDåHQ 7 
-XUDN ,JRU 7 
-XULþ 'XãLFD 3 
-XULQ 0LVODY 7 
.DGLMD .UHãR 7 
.DSLWDQRYLü 6DQMD 7 
.DWDOHQLü 'DULQND 7 

3UH]LPH ,PH 7HPD 6WUDQLFD
.DWLü 0DãD 7 
.DWXãLQ5DåHP %UDQND 7 
.D]D]Lü 6DãD 7 
.HNH] 'DOLERU 7 
.H]HOH 1HQDG 7 
.LUDOM 5XGROI 7 
.LULQ 'DYRU 7 
.LULQ 6UHüNR 7 
.ODLü /DGD 7 
.ODLü %UDQLPLU 7 
.ODVLQF /HR 7 
.QHåHYLü $QGUHD 7 
.QHåHYLü äHOMND 7 
.QLHZDOG *RUDQ 7 
.RMLü3URGLü %LVHUND 7 
.RODULü 'DUNR 7 
.RPDF 0DULMDQD 7 
.RPRUVN\/RYULü âHERMND 7 
.RQWUHF 'DUNR 7 
.RQWUHF -DVPLQND 7 
.RUROLMD 0LORUDG 7 
.RVDQRYLü &OHR 7 
.RãXWLü .DWLFD 7 
.RYDþ %UDQND 7 
.RYDþ 6ROYHJ 7 
.RYDþHYLü .UHãLPLU 7 
.RYDþHYLü %RULVODY 7 
.R]DU 6RQMD 7 
.R]DUDF =ODWLFD 7 
.UDJRO *RUDQ 7 
.UDMFDU 9DOWHU 7 
.UDMFDU%URQLü ,QHV 7 
.UDOM 'DPLU 7 
.UDXV 5RPLQD 3 
.UþD 6DQMD 7 
.UþPDU 0LOLFD 7 
.UHþDN =YRQNR 7 
.U]QDULü ,YDQ 7 
.U]QDULü 'DPLU 7 
.XUHOHF %UDQNR 7 
.XUWRYLü %RåLGDU 7 
.XãHF 5DMNR 7 
.XãLü %RUND 7 
.X]PLü 0LOLYRM 7 
.YDVWHN .UHãLPLU 7 
/DEXUD äHOMND 7 

3UH]LPH ,PH 7HPD 6WUDQLFD
/DNLü %LOMDQD 7 
/HJRYLü 7DU]DQ 7 
/HUã 1HOOD 7 
/HVDF $QGUHMD 7 
/HãþLü ,YDQD 7 
/HYDQDW 6RQMD 7 
/MXEHãLü 1LNROD 7 
/MXELþLü $QWH 7 
/MXELü ,YDQ 7 
/MXERYLü (GLQD 7 
/RYULü $QGULMDäHOMNR 7 
/RYULü 0LOLYRM 7 
/XFX ýHGRPLO 7 
/XþLü %RQR 7 
/XJRPHU 6WMHSDQ 7 
/XLü 0DULMD 7 
/XNLü %LOHOD /DGD 7 
/XOLü 6WLSH 7 
0DJQXV 9RONHU 7 
0DMHULü (OHQNRY 0DMD 7 
0DMHUVNL .DWD 7 
0DNDUHYLü -DQMD 7 
0DNVLü =YRQLPLU 7 
0DNVLPRYLü $OHNVDQGDU 7 
0DOMNRYLü 0LURVODYD 7 
0DULü ,YDQ 7 
0DULQLü äHOMNR 7 
0DURWWL 7DWMDQD 7 
0DUWLQLV 0ODGHQ 7 
0DUWLQ.OHLQHU ,UHQD 7 
0DUWLQRYLü 6X]DQD 7 
0DUXãLü 0DUXãND 7 
0DWXOLü 0DMD 7 
0HGDNRYLü 'DYRULQ 7 
0HGYHG5RJLQD %UDQND 7 
0HLü =ODWNR 7 
0HOLü %ODåHQND 7 
0HOMDQDF 6WMHSDQ 7 
0HUXQND 'DOLERU 7 
0HãWURYLü 1HYHQND 7 
0HWHONR %LVHUND 7 
0LFKLHOL ,YDQ 7 
0LþLü 0LOHQD 7 
0LKDOMHYLü %UDQND 7 
0LKHOþLü *RUDQ 7 
0LNDF 1HYHQND 7 

3UH]LPH ,PH 7HPD 6WUDQLFD
0LNRþ $QGUHMD 7 
0LNXWD0DUWLQLV 9HVQD 7 
0LOHWLü *RUDQ 7 
0LOLQ 0DWNR 7 
0LOMDQLü XUR 7 
0LOMDQLü 6DYHWD 7 
0LOXQRYLü 0RPLU 7 
0LQWDV 3DYOH 7 
0LRNRYLü 'DQLMHOD 7 
0LUNRYLü .RV .HW\ 7 
0ODNDU 0DULQD 7 
0RüDQ 6DQMD 7 
0RJXã0LODQNRYLü $QGUHD 7 
0RKDþHN *URãHY 9ODVWD 7 
0RVODYDF )RUMDQ 'DYRUND 7 
0UDYLQDF %UDQNLFD 7 
0XFNâHOHU 'RURWHD 7 
0XGQLü 9HGUDQD 3 
0XVLü 6YHWR]DU 7 
1DMGHN'UDJLü 0LUMDQD 7 
1LNROLü +UYRMH 7 
1LNROLü 6RQMD 7 
1LåLü %HQH 7 
1RWKLJ/DVOR 9HVQD 7 
1RYDN 5HQDWD 7 
1RYDN'HVSRW XUÿLFD 7 
1RYDN'RXPERX\D 1DQD 7 
2EHOLü %RJRPLO 7 
2PDQRYLü 'DULR 7 
2UHãNRYLü 'DUNR 7 
2VPDN 0DMD 7 
2]UHWLü %DUWROR 7 
2]UHWLü 0LUMDQD 7 
3DOMHYLü 0DWLMD 7 
3DOOH 'DYRU 7 
3DVDULü =RUDQ 7 
3DVVHN .RUQHOLMD 7 
3DVWXRYLü äHOMNR 7 
3DYHOLü -DVPLQND 7 
3DYHOLü .UHãLPLU 7 
3DYLþLü -DVHQND 7 
3DYLþLü+DPHU 'LMDQD 7 
3DYORYLü 0ODGHQ 7 
3HþDU,OLü -DGUDQND 7 
3HþXU 6QMHåDQD 7 
3HUDãLQ -DVPLQND 7 

3UH]LPH ,PH 7HPD 6WUDQLFD
3HULFD $QWH 7 
3HULþLü 'DQND 7 
3HULü %HULVODY 7 
3HUãLQ $QWXQ 7 
3HWUDQRYLü 0LUMDQD 7 
3HWURYLü 6LQLãD 7 
3LDQWDQLGD ,YR 7 
3LFHU 9DOHULMH0ODGHQ 7 
3LIDW0U]OMDN *UHWD 7 
3LVN .UXQRVODY 7 
3LYDF 1HOD 7 
3LYDF %UDQNR 7 
3LYþHYLü 1RYDN %UDQND 7 
3LåHWD ,YDQND 7 
3ODQLQLü 3DYLFD 7 
3ODYãLü 'HMDQ 7 
3ODYãLü 0DUWD 7 
3ORKO 0LURVODY 7 
3RNULü %LVHUND 7 
3ROMDN%ODåL 0DULMD 7 
3RSRYLü+DGåLMD 0DULMDQD 7 
3RUWDGD 7RPLVODY 7 
3UHEHJ 7DWMDQD 7 
3UHFDOL 5REHUW 7 
3XFLü ,ULQD 7 
5DF 0ODGHQ 7 
5DGDþLü 0DUNR 7 
5DGLü 1LNROD 7 
5DGLü 7RPLVODY 7 
5DNYLQ %RULV 7 
5DQRJDMHF )UDQMR 7 
5DQRJDMHF.RPRU 0DULD 7 
5DVSRU %LVHUND 7 
5D]D =ODWLFD 7 
5DåHP 'XãDQ 7 
5HQGLü 'XEUDYNR 7 
5LVRYLü 'XEUDYNR 7 
5LVWLü 0LUD 7 
5LVWRY 6WUDKLO 7 
5RMH 0DULQ 7 
5RãþLü 0DMD 7 
5XEHOM ,YLFD 7 
5XåLü ,YLFD 7 
6DEOMLü $OHNVDQGDU 7 
6DODM2EHOLü ,YDQND 7 
6DODMâPLF (ULND 7 

3UH]LPH ,PH 7HPD 6WUDQLFD
6DORSHN6RQGL %UDQND 7 
6DXHUERUQ .OREXþDU 5REHUWD 7 
6HNXOLü %RJGDQ 7 
6HNXãDN 6DQMD 7 
6LNLULü 0DMD 7 
6NDOD .DUROM 7 
6ODGH 1HGD 7 
6OLMHSþHYLü 0LOLYRM 7 
6PLWDO 7YUWNR 7 
6PRGODND 1HQDG 7 
6PUHþNL 9LONR 7 
6RERþDQHF 6DQGUD 7 
6RLü 1HYHQ 7 
6ROGR5RXGQLFN\ 'XQMD 7 
6RQGL ,YDQ 7 
6RSWD 0DULMD0DU\ 7 
6U]Lü 'XQMD 7 
6WDQLãLü 9LWRPLU 7 
6WDQRYLü -DQGD 6LOYDQD 7 
6WHSDQLü 9LãQMD 7 
6WLSDQLþHYäLF 9HVQD 7 
6WLSþHYLü 0DULR 7 
6WRMNRYLü 5DQNR 7 
6WUXQMDN3HURYLü ,YDQþLFD 7 
6XERWLü %RULV 7 
6XGDF 'DYRULQ 7 
6XSHN ,YDQ 7 
6XSLü 1DVWHQMND 7 
6XULü 7LKRPLU 7 
6YHWOLþLü 9HVQD 7 
6]LOQHU 6X]DQD 7 
âDIDU&YLWDã 'XQMD 7 
âDQWLü %UDQNR 7 
âDULü $QNLFD 7 
âHSDF 'UDJDQ 3 
âLOLSHWDU3LFHU 1HYHQND 7 
âLPDJD âXPVNL 7 
âLSV /HRSROG 7 
âNDUH 'DQNR 7 
âPLW ,YDQ 7 
âPXF 7RPLVODY 7 
âRNþHYLü 'DPLU 7 
âRUJLü %RåLFD 7 
âWDPEXN 1LNROD 7 
âWHIDQþLü +UYRMH 7 
âWHIDQLü ,JRU 7 

3UH]LPH ,PH 7HPD 6WUDQLFD
âWHIDQLü *RUDQ 7 
âWHIXOM -DVPLQND 7 
âWHYþLü =GUDYNR 7 
âXPDQ /LGLMD 
âXPDQRYDF 5DPOMDN 7DWMDQD 7 
âXQMLü 9LWRPLU 7 
âXULMD %XGLPLU 7 
âXãD 7DWMDQD 7 
âYDUF $OIUHG 7 
âYHUNR $QD9LãQMD 7 
âYRE 'XEUDYND 7 
7DGLü 7RQþL 7 
7DQDFNRYLü *RUDQND 7 
7HSLü 1DWDãD 7 
7HU]Lü 6HQND 7 
7HVNHUHGåLü (PLQ 7 
7HVNHUHGåLü =ODWLFD 7 
7LVDM .UHãLPLU 7 
7NDOþHF =GHQNR 7 
7ROLü ,YD0DULMD 7 
7RPDã 0DULQ6ORERGDQ 7 
7RPDãLü 9ODVWD 7 
7RPHF 0DULMD 7 
7RPLü 6DQMD 7 
7RQNRYLü 0DMD 7 
7RQNRYLü *RUGDQD 7 
7RSLü 0ODGHQ 7 
7RSLü3RSRYLü 1DWDOLMD 7 
7UDPSHWLü -RVLS 7 
7UDYHQ $QD 7 
7UDYL]L $QD 7 
7UJRYþHYLü äHOMNR 7 
7ULQDMVWLü 1HQDG 7 
7URMNR 5XGROI 7 
7XGRULü*KHPR ,YDQD 7 
7XPLU /LGLMD0DULMD 7 
7XUNRYLü $OHNVDQGUD 7 
7XãHN%RåLü /MHUND 7 
8JDUNRYLü XUÿLFD 7 
8UOL 1DWNR 7 
9DOLü 6UHüNR 7 
9DONRYLü 9ODGLYRM 7 
9DUJD'HIWHUGDURYLü /LGLMD 7 
9GRYLü 1HGD 7 
9HNLü %UDQNR 7 
9HNVOL =RULFD 7 

3UH]LPH ,PH 7HPD 6WUDQLFD
9HOMNRYLü -HOHQD 7 
9HUWDþQLN $VWUHD 7 
9LNLü7RSLü 'UDåHQ 7 
9LQNRYLü 9ODGLPLU 7 
9LQNRYLü 0DULMDQD 7 
9LãQMHYDF $OHNVDQGDU 7 
9LWDOH /MXELQND 7 
9LWDOH %UDQNR 7 
9ODKRYLü .VHQLMD 7 
9RMQRYLü %RåLGDU 7 
9RMQRYLü 0DULMD 7 
9RMYRGLü 9MHURþND 7 
9XMDNOLMD 'XãLFD 7 
9XNHOLü %RMDQD 7 
9XNRYLü /LGLMD 7 
9XNRYLü 0DULMDQ 7 
=DGUR 0LOH 7 
=DKUDGND 'DYRU 7 
=DKWLOD (OYLV 7 
=DYRGQLN 'XãDQ 7 
=DYRGQLN 1HYHQND 7 
=HOLü 0DULQD 7 
=RUF +UYRMH 7 
=RYNR 1LNROD 7 
=ULQVNL ,UHQD 7 
äDUNRYLü 1HYHQ 7 
äLQLü 0ODGHQ 7 
äLQLü %LVHUND 7 
äLYNRYLü 7RPLVODY 7 
äXWLü 9HUD 7 
